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SUMMARY

This report presents the results of research accomplished on the four research tasks
currently comprising Project IDENTIFY, Identif:cation of the Individual Differences
Involved in Human Mine Detection. Specifically, the report discusses the research accom
plished on Task D, Testing, Evaluation, and Validatic1 of a Film Simulator for Human
Mine Detection; on Task E, identification and Assessment of the Human Mine Detection
Factors in Built-Up Areas. on 7Task F, Identification and Assessment of the Human Mine
Detection Fuctors Involved in Vehicular Operations; and on Task G, Identification of the
Poiential Characteristics, Aptitudes, and Acquired Skills Involved in Human Detection of
Mines: Reanalysis and Extension of Concepts.

Prior research under Project IDENTIFY during Fiscal Year 1972 addressed the
identification of the potential cliaracteristics. aptitudes, and acquired skills involved in the
human uaetection of mines (Task A), the validation of these characteristics, aptitudes, and
acquired skills {(Zask B), and the identification of appropriate selection and training
methods for human mine and hoobytrap detection (Task C).

Task D: Use of Film Simulator in Mine Detection Training

The Task D research was conducted in three phases: {a)completion of a film
detection test (whicli employed a film simulator) and paper-and-pencil and performance
tests, measuring individua: differences thought to be predictive of detection nroficiency;
{b) completion of field tests of detection proficiency (a mine and boobytrap test and a
surface-laid munitions test): and (c) analysis of the results of the testing.

Sixty-four soldier. at Fort Benning, Georgia completed ali phases of 7ask D testing.
Half of these men completed film and predictor testing in the morning and the field
testing in the afternoon: the remaining men reversed this procedure and comydeted field .
testing in the morning and film and predictor testing in the afterncon. During field -
testing, speed of movement during search was assessed, and effort expended during search
was rated. Also, the numbers of true detections, false detections, misses, and activations
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e (o the mine and boobytrap course) were counted. On the mine and boobytrap course,
S the detection clue and/or error of device placement was determined when a detection was
=5 made, and the search technique emplcyed by the men was assessed. Finally, General
B Technical (GT) ocotitude area test scores for the subjects were obtained from person-
g;é nel 1ecords.
3 %’f Analysis of the Task D data indicated that order of lield testing and order of
s film/fietd testing did not affect detection proficiency, so correlations among film and -
k- %‘i field test scores were computed for the entire sample. The correlations between fitm and
2oy mine and boohytrap test poficiency, as well as between film and surface-laid munitions
E % test profictency, were significanily different from zero {r = .32 and .31 respectively), but
b = the magnitude of these correlations was low.
A These results repbeated a previous finding of researchers at the Picatinny Arsenal, to
i the extent that swatistically significant correlutions were found between film and field
detetion performance. however, the corraiction (.60)) reporied by the Picatinny stuay
3 was higher than those found in the present research. Statistical tests showed that there

was no sighificant difference between the orrelation obtained in the Picatinny study and
in the present study. This result was interpreted to indicate that the true vaiue of the
correlation hetween film and ficld detection performaace was probably between .31
and .60.

Correlations were calculated between Task D detection proficiency and nine
ndividual difference measuses. Only two measures were found to be correlated with
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proficiency: speed of movement during search and level of effort expended dur-
ing search.

Data analyses addressing the human factors involved in the detection of devices on
the Task D mine and boobytrap detection course were also conducted. False detecticns
continued to represent a very small percentage of the total detections produced by we
men. In contrsst to earlier IDENTIFY results, detection rate was not relaied to the
above-ground cr below-ground location of devices for the Task D mine and boobytrap
course; analysis suggested tnis was due tc a change in the difficulty level of above-ground
devices. However, average detection cistance was found to vary as a function of
device size.

Task D device detectability +.s f.vnd to be related to the off-center distance for
the small, on-path devices, as weii as Yor toe 1arge, 077 nath devices. In addition, detection
rate varied as a function of temain vegewst:on. Finally, grade of the detection course
appeared to affect the detection rate.

Analysis of detection clues revealed: that color and shape ware important factors in
the detection of devices. Analysis of errors of placement indicated that inadeguate
camouflage was also important for deiertion of devices. Analysis of the search procedures
employed by the imen irdicated that an area search/footfall combination achieved the
best results.

Task E: Mine Detection in Built-Up Areas

The Task E research was also conducied in thre~ phases: (a'identification of
individua! difference variables and development of a vroficiency test for studying human
derection performance in a built-up area, (b} completion o? tests and inventories designed
to assess the individuel difference variakles and the ciiterion test bv 100 military person-
nel stationed at Fort Benning, and (<) analysis of the resvits of the testing.

Far Task E, subjects completed 11 paper-and-pencil and performance tests which
provided information cn 13 individual differences. In addition, GT test scores were
obtained from the men’s personnel tecords, while their raciai background was assessed
through direct observatior. The men also completed a proficiency test of mine and
boobytrap detection conducted in a simulated office und in a simulated home environ-
ment. Duning this test, speed of miovement during search was assessed and effort
expended during search was rated. Also, the numbers of true detections, false detections,
misses, and activations were counted. Whern a true or faise detection occurred, the clue
used by the subject in maki-g the detection was de* iined. Finally, the search tech-
nique emploved by the subjecis was assesced.

Devices employed during the Task E proficiency testing were found to consist of
two groups: (a) those detected or missed, but seldem or never activated: and (b) those
detected or activated. hut seldom or never missed. It was found that detection rate for
each cateyory of devices cppearsd to depend on different variables. For Detected/Missed
devices, rate was associated with the location of the devices, while for Detected/Activated
Zevices, rale was associated with level oi visibility.

False detertions during the Task E proficiency testing represented only a very small
percentage of the total detections. Further, they orcurred in cnly one test environment.
the office setting. It was concluded that further research would be required to determine
whether this resul’. was an experimental ariifact or a true resuit.

A search technique for built-up area detection was identified frcm the techniques
employed by the subjects. This consisted of (a)alternation of floor and furniture
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searching: (b) searching all areas systematically; (c) searching on, in, and under furniture:
and (d)using the sense of touch to supplement visual searcs. However, it was not
possitle to determine to what extent the componeuts of these techniques are itnportant
to its success. Further research will be required to correct this shortcoming.

A multiple regression equation, involving the measures derived from the predictor
test battery A-weloped during the Fiscal Year 13723 IDENTIFY research, was developed to
predict the en’s percent tota! detection for the built-up area oroficiency test. Tne total
criterion variance accounted for was 74 percent. On. predi:tor (the average of the
evaluatore’ effort ratings) accounted for 70 percent of the predlictable criterion vanance.
This resuit suggests that this predictor battery was not adequate for predicting criteria
performance in built-up areas, since one measiire accounted for so much of the pre-
dictable criterion variance.

A factor analysis of the individual difference and performance measures strongly
suggested that detaction performance in a built-up area is probably not predictable frem
knowledge of individua!l differences which are not performance oriented, that is, measures
which are rot associated with task performance.

Task F: Mine Detection Factors in Vehicular Operations

The Task F research was conducted in two pnases: (a) completion of criterion tests
of detectior proficiency conducted in two separate operational environments (road and
crosscountry settings) under three separate vehicular conditions (detection fron: a jvep.
an armored personnel carrier {(APC), and a tank); and (b}: nalysis of the results of
the testing.

Seventy-two soldiers completed all phases of Task F testing. First, they completed a
road detection course while traveling at two vehicular speeds (5 and 15 miles per hour).
Next, they completed consecutively two cross-country detecticn courses, usually traveling
at speeds iess than 5 miles per hour. On the first of these courses, the men had to cross a
hasty minefieid, while on the second they had to cross a deliberate minefield. Perform-
ance measures for the three courses were: the percent of devices detected, the number of
false detections produced, and the level of effort put forth by the subjects during the
detection task. In addition, for the road course the estimated distance to exth detected
device was obtained, while for the iwo field courses vehicle location was obtained when
the forward edge of the minefield was detected, as well as when it was thought the
vehicle was out of the minefield.

Analysis of the Task F data showed that as the detection situation changed from a
road io a field environmeni, detection performance from the jeep dropped from a high
level o a lower level, while detection performance from the tank rose from a low level to
a higher level. Detection performance from an armored personnel carrier, on the other
hand, showed no significant variation as a function of operational environment. These
results indicate that type of operational environment and type of vehicle from which the
detection task is performed significanily affect level of detection proficiency.

Analysis of the data collected on the road detection course showed that vehicular
speed, type of vehicle, visibility of devices, and left-middle-right placement of devices are
all factors that affect the performance of the detection task when completed from a
moving vehicle on a road. Analysis of the data collected on the cross-country courses
indicated that type of vehicle, size of device, left/right location of devices on the
detection course, and observer-to-device range are factors influencing detection pro
ficiency on these courses.
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Task G: Potential Characteristics, Aptitudes, and

Acquired Skills in Mine Detection 4
Finally, as a result of questions and issues raised concerning an earlier study cf mine
and boobytrap detection performance, Task G was initiated to reanalyze a portion of the ¥

data from that field experiment. Specificzily, the reanalysis focused on a reliability
analysis of the data from individual subjects, the construct validity of the individual %
measurements, and furtner explorations of underlying dimensions that might be related to E:
field detection performance.

The first set of analyses conducted during Task G was directed toward the study of
the reliability of the Task B data collected during Fiscal Year 1973. Reliability anafyses
consisted of investigating the extent to which the four different pairs of lanes used in
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Task B's Course No.!l constituted parallel forms of the same test. It was important, in £
4 order that findings he gencralizable, that all subjects be presented nearly the same F:
) detection task. These analyses suggested the strong likelihood that this was the case. 1
. Substantial additional findings also emerged from the Task G analysis concerning the ;
probable nature of the detection task itself. Clear circumstantial evidence was developed :

that the procerses underlying detection of subsurface devices are not the same as those
involved in the detection of above-surface devices. Further, reasonably conclusive Z
¢ evidence was developed that the paper-and-pencil predictor tests used in attempting to 3
ks predict field detection performance simply are in a different dimension from that of the é
performance itself. it had been demonstrated earlier that situaiional measures were more P
effective in predicting detection performance. The Task G analyses strongly confirmed ;i%

those reports, and showed that the situational measures alone are within the same 2

dimension as the detection performance. These results were also supported by individual ;

difference analysis performed during Tesk D, Task E, and Tesk F. E
Based on these observations, suggestions were developed for the derivation of a new =

model that might mcre adequately account for fiel¢ mine and boobytrap detection

performance. The new model is essentially an information rate processing model. i was

hypothesized that individual differences might arise from three different areas, given this Z

as a basic model. The first consists of possible differences between i dividuals in the rate &

ST AR e

LSRN

? with which they can process individual bits of information. The second lies in the 5
g willingness of the individual tv work for long periods of time at rates approximating his E
.3 maximum rates. The third consists of possible “chunking™ of stimulus elements that is, -:
} processing stimvulus elemenis in groups rather than individually. The literature on infor- £
2 mation processing supports each of these three possibilities.
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20. (Continued)

environrent (fask D), but also to gather it for a buiit-up area environment
(Tack E), In addition, it was designed to identify the human factors
involved in vehicular operations, both along an established rcad and in s
cross-country setting (Task F). This research zlso provided an opportunity
to test and evzluate a film simulator developed by the Picatinny Arsenal

as a tool for the selection and training of military personnel {Task D).
Finally, it provided an opportunity to re-examine the data from the

FY 73 HumRRO study {Task G) to investigats the reliability of the data from
individual subjects, the construct validity of the individual measurements,
and the underlying dinensions of field detection performance.
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FOREWORD

This report presents the results of research conducted »y the Human Resources
Research Organization to investigate the human factors invoilved in mine detection in
various operational environments. This research represents an outgrowth of work begun in
Fiscal Year 1972 to identify the potential aptitudes, characteristics, and acquired skills
involved in human detection of mines.

This research was funded under Contract DAAKO02-73-C-0116 (PG201) Froject No.
3A460050 which was awarded to HumRRO by the US. Army Mobility Equipment

=
e
33
€7
s
i:;
&2

=
; Research and Development Center (USAMERDC), For. Belvoir, Virginia. The purpose of
o this research was to nrovide support for the USAMERDC Human Mine Detector Research
g Program by developing quantitative data for input to couniermine system/subsystem
e analyses and identifying specific parameters that are likely to infivence the process of
E ; mine detection as it is conducted in various operational environments.

2

The research was periormed by Mr. Jeffery L. Muaxey, Mr. Theocore R. Powers,

i

- Dr. T.O. Jacobs, and Mr. George J. Magner. It was conducted under iae direction of
Dr. Jacobs, Principal Investigator and Director, HimRRO Division No. 4, Fort Benning,
Georgia. In addition, Mr. Thomas Berrisford 21d Mrs. Nancy Oliver assisted in the data
£ reduction and analysis phases of the research.

= Military supp..rt, consisting of 1LT Raymond Costner, 1LT John Grasso,
L PSG Lathaniel !Henderson, SFC Cornell Smith, SSGJdon Lang, SGT James Amold,
E SP5 Lonsworth Smith, SP5 James Tripp, SP4 Ennis Brooks, SP4 Doretha Heyward,
= SP4 Ronald Keen, SP4 Deborah Ridout, and PFC Susan Raker, was provided by the U.S.
£ Army Infantry Human Research Unit, which is commanded by LTC Robert G. Matheson.
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INYRODUCION

Since 1967, HumRRO Division No. 4 has conducted research on the problem of
detecting mines and boobytraps. This work has focusad on unsided detection by the
individual soldier in unpopulated field areas. During Fiscal Year 1973, Project IDENTIFY
investigated the individual differences involved in mine detection (Tasks .4 and B) 2nd, as
well, produced a body of human factors data relevant to the mine detection problem.'

A major purpose of ihe IDENTIFY research during Fiscal Yeor 1974 was to
continue the gathering of human factors data in the area of unaided mine detection. This
research was designed not only to gather additional human factors data for an unpopu-
lated field environment (Task D)}, but also to gather it for a built-up area environment
{Task E). n addition, it was designed to identify the human factors involved in mine
detection during vehicular operations, both along an established road and in a cross-
country setting (Task F).

Along with collecting further human factors data reievant to mine detection, this
research provided an opportunity for testing and evaluating a film simulator developed by
the Picatinny Arsenal at Dover, New Jersey, as a tonl for the selection and training of
military personnel (Task D). Also, it provided an opportunity to reexamine the data from
the Fiscal Year 1973 HumRRO study to study the reliability of the data from individual
subjects, the construct validity of the individual measureinents, and the undexlying
dimensions of field detection performance (Task G).

The research was conducted in four stages. Since the film simulator was not
rvailable at the initiation of the Fiscal Year 1974 work, Task E was begun first and was
performed between September 1273 and February 1974. Task G overlapped with Task E
and was completed during December 1973 and January 1974. Task D overlapped both
Task E and Task G and was conducted from January through March 1974, Finally,
Task F was completed hetween April and June 1974. The method of accomplishment and
the results of these iasks are presented in Chapters 1 through 4 of this report. Chapter 5
discusses these results, and Chapter 6 reports the conclusions devived fram the analysis of
this year’s IDENTIFY work.

It is expected that the information provided by this reporl will be used to provide
support for the Human Mine Detector Research Program of the U.S. Army Mobility
Equipment Reseerch and Development Center {USAMERDC) by furnishing:

(1) Quantitative data for input to countermine systems analysis studies.

(2) ‘uformation that can be used to develop tactical training and testing
procedures for tield and built-up area exercises invylving the detection of
mines and boobytraps by military personnel.

\3) Human factors data that indicate the variables influencing personnel in
detection of mines in varying operational environments.

! Maxey, Jefiey L., Powers, Theadore R., Jacohs, T.O., and Magner, George J. Ientificction of
the Potential Characieristics, Aptitudes, and Acquired Skills Incolved in Human Detection of Mines,
HumRRO Technical Report 73-18, August 1973.
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Chapter 1

TASK D: USt OF FILM SIMULATOR IN
MINE DETECTION TRAINING

BACKGROUND

Since 1970, scientists at the Picatinny Arsenal have conducted research on the
detection of small, colored devices dropped into natural field environments. At the
request of USAMERDC, these scientists developed a prototype film simulator that
dlusirated a field problem using simulated surface-laid munitions.! The filmed course was
200 feet long and 810 10 feet wide; it contained 40 simulated munritions. Two basic
kinds of devices were used: a long plain simulate and a short plain simulate. Each either
waz camouflaged by a covering of peat moss, grass, or leaves, or was uncamouflaged. The
course was filmed by a 16mm movie camera held 6 to 7 feet above the course on a
traveling cameva rack. The rack was moved along and above the course at approximately
4 feet per second on 1/8-inch sieel cables.

To evaluate the film simulator, 20 subjects first completed the detection course
during daylight hours, After an interval of at least one week, they viewed the film
siraulator. The dependent varisble assessed during course completion and film viewing was
the porcentage of devices detected. A correction for guessing (B-W/2) was used to take
false detections into account. While all of the simulated munitions were detectable in the
field course, only 35 were detectable during film viewing bzcause »f technical difficuities
experienced when the film was shot.

The film was viewed using a projector that allcwed the subiects to adjust the speed
of the film. This provided them with a means of controlling the speed at which the
filmed terrain passed in front of their eyes, allowing a simulated control on speed
of walking.

The cormrelationr botweer fizkd anc filn detection proficier oy was .60 {df =18,
P < .01). This significant correlation suggested that performance in a field situation is
related to performance in a simulation of the field situation. However, there was a basic
problem with the design of the evaluation. Since film detection was preceded by field
detection, it was possible thzat learning i1 the field situation influenced film performance.
The design, thereiore, did not provide for unequivocally establishing whether film detec-
tion proficiency was predictive of field detection.

A preferred design would have been to have one group of subjects view the film first
and then complete the field detection course, while another group completed the field
detection course first and then viewed the film. With this design, any order effects would
have been Lalanced. In addition, the magnitude of order efiects could have been assessed.
A major purpose of the current research effort was to use this design to re-evalua‘te the
Picatinny film simulator concept, but exiending the Picatinny work by using both
surface-laid munitions and the mine and boobytrap devices used in previous
HumRRO work.

In addition to validation of the film as a training aid, this research also offered the
opportunity to extend e2rlier HumRRQ work in this area.

'Buckiin, B. and Wilson., R. Laboratory Simulction of a Field Problem in Visual Detection,
Technical Memorandum 2077, Picatinny Arsenal, Dover, N.J., June 1973,
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APPROACH TO THE PROBLEM

Design

The design for the film simuiator valication was 8 2 x 2 factorial design. The order
ir: which film testing occuired (prior to field testing vs subsequent to field testing) and
order of criterion testing (mine and boubytrap test first, sirface-laid munitions test
second vs mine anc boobytrap second, surface-laid munitions test first) were the
between-ubjects vaiables.

Subjects
The subjects for the validation were 64 enlisted AIT graduates, stationed at Fort

Benning, Georgia. All wore fatiguss, boots, helmets, and a web belt with pencho and
canteen. In addition, each carried an M16A1 rifle.

Equipiment

A variable sbeed 16mm motiinn picture projector was used to present a prototype
film simulation. A Rod and Frame Test apparatus was employed to measure field
dependence/independence.

aper-and-Pencil Test Materials

The Hidden Figures Test (Cf-1), the Embedded Figures Test (ETS Group Version),
the Activities Inventory, and the AM Scale were completed to gather information about
the relationship of these tests to field detection rerfuimance. Brief descriptions of these
tests are given in Appendix A.!' General Technical (GT) aptitude area test scores were
obtained trom the men’s personnel records. Finally, the men’s racial background was

observed so that the influence of this variable could be assessed.

Film

The film employed in ine Task D study was an improved version of the film
assessed by Bucklin and Wilson. It was prepared at the Picatinny Arsenal during October
1973. The filmed terrain was the same as that in the Bucklin and Wilson film. The course
was 200 feet long and 8 to 10 feet wide; it contained 29 siinulated surface-laid munitions.
Two kinds of simulates were used: a silver or olivedrab disc, and a long olive-drab
cvlinder. The discs were approximately 1 1/8 inches in diameter, and the cylinders were
about 6 inches long. Ther2 was no attempt to camouflage either discs or cylinders. The
course was filmed accernding to the procedure followed by Bucklin and Wilson. Markers
were placed at varying intervals (X = 72.9 inches, SD = 5.2 inches) to divide the course
into 26 sections.

Tx,t Site for Criterion Testing

A test course for the validation of the film simulator was established in the Gill
Range a:ea on the Fort Benning Military Reservation. This area was selected because it
contained the wooded terrain and open fields that might be encountered during a
mid-intensity conflict in a temperate zone, the cument emphasis area for U.S.
Army training.

This appendix is based on materiai in an interim report to USAMERDC, “ldentification and
Asscessnient of the Huinan Mine Detection Factors in Built-Up Areas.” by Jeffery L. Maxey, Theodore R.
Powers, and George J. Magner (HumRRO IR-D4-74-3), January 1974,
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The test conrse for the mine and boobytrap proficiency test consisted of one lane
approximate’y one-ialf mile (800 meters) long. It was located in vaned terrair: that
required movement vp and down hills, under trees, and through a limited amount of
underbrush. Furty devices were emplaced on this course (see Figure 1). The mine and
boobytran situations employed for this course were those an infantryman might
encounter it lightly woodec terrain. As indicated in Figure 1, some devices were designed
to produce a small explosio1. if touched.

The test course for ihe surface-laid muniiions proficiency test cousisted of one
200-foot lane, located in au avea covered with tall grasses. Twenty-i:ine devices~discs and
cylinders like those employed in the film—were placed on this lane (see Figure 2). They
were laid out in such a way that their pcsitions approximated the positions of similar
devices in the film.

Procedure

Two four-man groups were tested on each testing day, 11.15 and 19-22 February
1974. The first four-man group reported to HumRRO by 0830 hours on each test day.
These four men were individually tested using the improved film simulator according to
the procedures deveioped by Picutinny Arsenal.! After completion of the film test, the
raen were tested using the Rod and Frame apparatus. This testing was monitored by an
IDENTIFY project staff member and was conducted by two research specialists from the
U.S. Army Infantry Human Resezrch Unit. After testing, the men had lunch and then
reported to the field proficiency test area,

The second four-man group reported to the Gill Range test area by 0830 hours of
each test day. On arrival at the field test area, the men were assigned an identification
number and divided into two two-man groups. Men in Group I con:pleted the mine and
beohytrap detection course first, then the surface-laid munitions course. Men in Group I
corapleted the suriace-laid munitions course first, then the mine and boobytrap course.

Prior to the field testing, they participated in a short lecture-conference on detection
of mines and boobytraps emplaced both above and briow ground, reviewing the basic
instruction on this topic presented during Basic Combat Training (BCT) and Advanced
Individual Training (AIT). Next, they were given specific information about the devices
and deployment techniques likely to be encountered on the two test courses. This
information approximated the intelligence an infantryman might receive prior to an
cperation in an unfamiliar area. The men were also given instruction in the observation
methods used by experienced mine and boobytrap observers, and were advised tc use a
systematic approach during testing, to insure coverage of critical areas. Next, they
received instruction in the basic clues that indicate the presence of mines and boobytraps.
Finally, they were shown examples of the devices they were likely to encounter during
the proficiency testing.

The men were then told to assume that: {a) they were in a tactical situation acting
as a point man for their smail reconnaissance patrol, (b) their operations area was known
to ccntain various types of mines and boobytraps, and (c) their mission was to visually
locate these devices so a path could be cleared through the area. Subjects were told to
move along until they thought they saw something that indicated the presence of a mine
or boobytrap, and then to stop. Upon stopping, they were instructed to point to the
location of the susiected device, state verbally the nature of the detection clue that
indicated the presence of the device. and wait for the evaluator to tell them to begin
moving again.

The men were allowed to bend at the waist to look at a suspected area while they
were moving. Also, they were allowed to csouch down to look more closely and to brush

! Bucklin and Wilson, op. cif.
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Sequence and Locatior of Devices on Mine
and Boobytrap Test Coursa -

vt of 3 Gl LAY

Device Type of Off-Center® Grade® Terrain E

No. Device | Distence [ Up | Lews! | Down | Open| Yeg. IRestr. | Location - 3
1 Schurune® 0 X X Ctr f
2 Gren e 4} X X Ctr ;
3 miAr® o X X tu §
4 105mm 6 feet X X R Side H
5  mgd 0 X X Cr H
6  Grerade® 0 X X Cir i
7 Schumine® e X X Ctr i
8 Claymore 5 feer X X L Side i
3 Grenade® o X X Cur 1
10 mis° 0 X X Cur

1 Grenade® 0 X x Cr

12 MiA1¢ ] X X Cur

13 105mm 6 feat X X L Side

14 m16° 0 X X Crr

15 DH10 3 feet X X R SiGe

13 Grenade 0 4 X Cr

17 Sch mine® foot X X L Ctr

18 Claymore 8 feet X X L Side

19 wM1A1e ) X X Ctr

20 r16° 6 inches X X Ctr

21 Grenade® ) X X Crr

22 mi6¢ 1 foot X X R Ctr

23 Claymore 4 feat X X R Side

24 M1A19 4inches X X LCtr

25 105mm 4 feet X x L Side

26 Granade® 0 X X Ctr

27 Schumine ¢ 0 X X Cu

28 mis° 0 X X Crr

75 DH10 8 feet X X R Side

0 Grenade® (1} X X Crr

31 mia1® 18 inches X X Cw =,
) Mmis? 0 X X Ctr F
33 iBmm 3 teet X X R Side >
K7} Schumire® 6 inches X X LCur

35 Claymore 4 feet X X R Side

36 Granade® G X X ct

Ky M16¢ 1 faot X X L Car

38 Grenade® 0 x X Ctr

38 Sehumine® 0 X X Ctr

40 Miard 6 feet X X ] Ctr

2Dustance trom patis used by s sdjects.

Moving uphill, level ground, moving downhiit,

‘m {littie vegetation), vegetation {scme vegetaton), costricted (vegetation closes in and limits width of path).
"Dmcz rigged 10 Croduce unsil harmiess exolosicn,
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é away any materiai to confirm an identification. Sir.ce the emphasis during tae testing was

on visual detection, the men were not allowed to use sticks or rods to aid in detection.
Alter they received all instivctions, they were taken to their appropriate starting

pcints. The evaluators reviewed the testing instructions with each man, prepared his

evaiuation forms, and then commenced tne testing.

false detection.

another subject.

dure was reversed.

RESUL.TS

Evaluation of the Film Simulator

(see Tabie Ij.
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Table {

Faise Detections Produced During Testing

'

As each subject moved from his starting point, his evaluator started a stopwatch,
then followed the subject and observed him carefully. When a subject stopped to point to
a suspected device, the evaluator stopped the watch and recorded the elapsed time. Next,
the evaluator recorded the verbal report of the clue that the subject used for his
detection. Finally, he recorded the estimated distance to the suspected device and
indicated whether the subject’s detection was an actual detection or a false detection.
Evaluators did not iudicate to the subjects whether a detection was an actual or a

When damage to a course occurred through the action of a subject, the evaluator
repaired the damage so the course was restored to its original condition and ready for

Upon completion of a course, the evaluator returmed the subject to an assembly
point and recorded the search technique used by the subject. He also rated the degree of
detection effort expended by the subject on a five-point scale (unsatisfactory to out-
standing). Evaluators were told to make these ratings on the degree of effort exhibited by
the subject rather than on detection success. Finaily, the evaluator collected all the
subject’s evaluation materials, turned these in, and prepared to test another subject.

These procedures were followed for both the morning and afternoon hours. Thus,
on each day of tesling, half the subjects completed the field testing in the morning while
the other half completed the film and predictor tests. During the aftemoon this proce-

To examine the validity of the film simulator for both a surface-laid munition and a
mine and boobjytrap detection situation, analyses were conducted on the data collected
during the film and held testing. The primary data for the analyses were the percentage
of devices detected during testing. These scores were not comrected for guessing, since the
average number of false detections produced per subject in the testing was generally small

grr | e TR

Percent of Subjects

AL Ll B e A

Average Nu'aber of Faise
Detecticns by Subjects

VIR ——

; Producing False Total Number o! Vho Made Fatse
i Test Detcctions False Detections Detections
Fil-x Testing 672 137 3.2
Field Testing
. Mine and Boobytrap Course 1.6 1 10
= Surface-Laid Munitions Course 3.1 2 15
10
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The first anzlyses perfermed were a series of two-way analyses of variance of the
film and field test scores. Tables 1, III, and IV piesent the results of these analyses. In
each case, the main effects and the interaction were not significant. Table V pressnts the
mean and standard deviation for each treatment condition and the mairn effecis for
these analyses.

These results clearly indicate that (a) subjects completing the film test prior to field
testing did nct perform at a significantly higher level on either the surface-laid munitions
or mine and boobytrap tests than did subjects completing these field tests without prior
film experience, and (b) subjects completing the field tests prior to film testing did not
perform at a significantly higher level on the film {ost than did subjects completing the
film test without prior field experience.

Table 1t
Analysis of Variance of Film Test Scores

Source of Variance af MS F
Order of Film/Field Testing (OFF} 1 264.06 1.52
Qrder of Field Testing (OF T} 1 189.06 1.09
OFF X OFT 1 3.07 <1
Error 60 17412

Table It
Analysis of Variance of Mine and Boobytrap Test Scores

Sourta of Vaniance af MS F
Order of Film/Field Testing (OFF) 1 9.77 <1
Order oi Ficld Testing (OFT} 1 9.77 <1
OFF X OFT 1 284.7¢ 1.47
Error &0 194.25

Table IV

Analysis of Variance of Surface-Laid Muniticns Test Scores

Source of Variance df S F
Order of Film/Field Testing (OFF) 1 22.56 <t
Order of Field Testing (OFT) 1 312.56 395
OFF X OFT i 13.57 <1
Error 60 79.05
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Tabts V

Mean and Standard Deviation for £ach Treatment Condition and
Main Effect for Film and Field Teet Scores

(Percent}
Mine and Bocbtytrep Test | Surfzce.Laid Munition
Complated First Test Completad Fisst Cormbined Groups

Test Score X sb X st X sD
Film Test

:; Film Test 1st - Field Tests 2nd 414 169 444 128 28 144
Field Tests 1st - Film Test 2nd 450 143 439 8% 459 1.7
A All groups 449 132
43

3 Mine and Boobytrap Test

E: Film Test 1st - Field Tests 2nd 719 29 685 1838 702 149
E: Field iests 1st - Film Test 2nd 669 154 719 95 894 128
e All groups 638 128
3 Suriace-Laid Munitions Test

E: Film Test st - Field Tests 2rd 902 104 928 88 915 9.6
5 Field Tests st - Film Test 2nd 3938 100 956 54 927 84
e Al groups 92.1 990

r

= Since analysis of variance indicated that the two orders of film and field testing did
= not have a differential effect on either film or field test scores, correlations among these
scores were computed for the entire sample (Table VI). Ail of these correlations were
significantly different from zero, but the magnitudes of the correiations were all relativeiy
2 low. These results indicate that (a) film test performance was statistically related to field
test performance for both similar and dissimilar field environments, but oniy at a

el tiong
e S8

2 retatively low level in each case; and (b) only a smail amcunt of common variance (25%)
4 was shared between the two field tests,
Table Vi
Correlation® Between Film and
2 Field Test Scores for the Total Sample
(N ~ 64)
-3 SurtaceLaxt] Mine and
o Lfumtions | Boobytrao
Z Test Fim Test Course Course
Film Test
: Field Test—Surtace Laid Munitions Course a1
’ Field Test—Mire and Boobytrap Course 33*° 50°° -~

E oo ndicates statittics sgnificance.p < 0:, ¢ .p< .05
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These results replicate Bucklin and Wilson’s finding, thai film performance was
related to fieid detection performance only to the extent that in boih cases a sigaificant
film/ficld performance correlation was found. However, in their work the magnitude of
this correlation was .€0 (p < .01), while in the present case it was only .31 (p < .05} for
a surface-laid munitions course, ard .33 (p < .01) for a mine and boobytrap course.

Severa! factors may have conwibuted to a lower correlation for the present recearch:
different subject papulations, diffcrent films, and different test envirouments, A test to
determine whether the correlaticas obtained in the present research were significantly
different from Bucklin and Wilson* correlation showed thai in both cases the difierences
were not significant (see Table Vil). This result suggests that the true value of the
film/field performance correlation lies between .31 and .60. Further research would be
necded to establish the valuz more pracisely.

Table VI!
Comp.:son >f Task D and Picatinny Arsenal Correlaticns for
Fiim/Fieid Test Performance
Cerrelstion I r } N 1 P4 T p
1

Picatinny Arsenal Correlations Besween

Fiim and Surface-Laid Munit.ons Test 50 20 - -
Task D Correlation Setween Film and

Surface-Latd Munitions Test

Performance 3 64 1.38 NS
Task D Correlation Between Film: 2nd

fine and Boobytrzp Test Performance 33 64 130 NS

Individual Difference Data Anaiysis

Table VIII present- the ccrrelations between the nine individual difference variables
assessed during testing and detection performance (percent dotections) for the film test,
the surface-laid munitions test, and the mine and boobytrap detection t=st. Only two
differences were found to be significantly correlated with detection performance, and
only for the two field tests: search speed and ccurs2 length, that is, Time to Complete
Test and Effort Expended During Search.

These resulis parailel those of the previous IDENTIFY research. Only individual
differences directly related to the {ask situz:lon have been consistently found to correlate
significantly with detection performance. This reinforces the conclusion that the skills
measured by pap=r-and-pencii tests are probably on a different dimension than the skills
employed during the performance of a detection task in z field environment. It follows
that situationai requirements are probably the major factors influcencing the level of
detection performance attained by a given individual.

Human Factors Data Analysis

To investigate further the human factors involved in the detection of mines and
boobyiraps, the data collected during the mine and boobytrap test were analyzed lo
identify factors influencing detection performance. A total of 1788 detections were made
during the mine and boobytrap test. Of these, only one was a false detection. As in
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Tebte Vil

Cosreilations® Betvieen Film and Field Detection Performance and

The Imdividual Differences Assessed During Testing

N = 63)
] Surtacetad | e and
] Munmions ! Boobhvrzp
ledradudl Dhiference l F#m Cetecvon Detection l Desecton
Rod and Frame Test Score -.14 -06 00
Hidd2n Ficures Test Score £3 05 24
Embeddad Figures Test Scare 23 03 14
Activities Participation inoax .13 - 03
A Scale Score 02 -21 A7
GT Test Score i) % 03
Razal Badkyround .10 -04 -.1n
Time tc Complete Tesr .16 40°° 54
Effort Expended During Search b 38 a5°°

34 = inducates sratstical significece.p < O1.

Sefiont r2tinge were not made by the test admunnzrsior for the S tesing,

previous IDENTIFY research, fake detections continued to represent a very small per

centage of the total detections.

The detection raie for this test was ¢5.8 percent, while thc miss rate was 246
percent. The activation rate was 5.6 percent. The 40 devices emploved in this test would
be separsted into two basic categories: above-ground and below-ground devices. Above-
greund devices included 2 DH1Qs (simalated Russian (laymore type mines): 12 hand
grenade tripwire boobytraps: 4 105mm vounds- and 4 M18A! antipersonnel mines (AFM}.
Belowground devices included 6 Schumines; 6 M1Al activators zttached to simulated

TNT blocks; and 8 M16 antiperscanel mines.

Inspection of Table iX shows that detection rate did not appear t¢ vary as 2
function of a device's location above ground o below ground. For both types of dev. s

Tabie IX

Detecticn, Miss, and Activaiion Rates fo:
Above-Ground and Below-Ground Devices

{Percent)
i Derecior 2rss Actrranon

Devvze { e A Rase

Abave-Ground
DH 10 {Simulated Russian Claymore Type Mune) 8356 164 cn
Hand Grenadz Tripesire Boobytran 50 61 189
105mm Rounc 5886 a8 (11}
M18A1 Antirersonnsi Mine 432 512 0o

Bote Giouny)
Schumine 97 182 2.3
M 1S Antipessonnel AMine 50 238 25
1A 5 Activators Attached to Srmutated THT 8locks 612 375 13
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there was a spread in the detection rates from low to high within approximately the same ,@
hmits. This was also true for the miss rate. &
Only one above-ground device (hand grenade tripwire boobytrap) was capable of %
. activation, As a consequence, a comparison be{weer above-ground and below-ground >
devices for the activation rate is somewhat misleading. However, it can be noted that the
activation rate was substantially higher for the hand grenade tripwire boobytraps, which 4
intersected the subjects’ enthe path, than for the three below4round devices, which :
intersected the path only at their location. é
The lack of a relationship beiween detection rate and a device’s above/below ground :
location was in contrast to the results of the Task B research. Comparison of the z
detection rates for the present research and the Task B research (see Table X) showed g
that the above-ground devices for Task D were detected at a somewhat lower rate than .
the above-ground devices for Task B. On the other hand, the below-ground devices for .
Task D were generally detected at a higher rate than the below-ground devices for Task B. !
Table X :
Comparison of the Task B and Task [ Detection Rates for .
) Common Above-Greund and Below-Ground Devices .,
i r
% Task B Task D M
Device Percent Detected | Percent Detected 5

?é Above-Ground

g DH10 (Simuleted Russian Claymore Type Mine) 88.9 836 y
¥ Hand Grenade Tripwire Boobytrap 775 750 ¥
B 105mm Round 68.8 58.6 :
: M18A1 Antipersonnel Mine 67.1 488 5
] Beiow-Ground H
g Schumine 52.9 797
S M16 Antipersonnel Mine 48.9 75.0 :

This result may have been due to an attempt to make above-ground devices more
difficult to detect. In Task B it was observed that above-ground devices were generally
easier to find than below-ground davices. For Task D it was decided an attempt would be
made to reduce the ease of detection for these devices.

The results indicate that the attempt was successful, However, even though no
attempt was made to change the difficulty of below-ground devices, the detectability of
these increased. This suggests that the increased difficulty of detecting above-ground
devices may have *esulted in Task D subjects orienting more toward the grouad than did
Task B subjects. '.ne result of such a reorientation would be a higher detection rate for
below-ground devices, The implication is clear: The detectability of above-ground and
L 'low-ground devices may be affected by changes in the difficulty level of either type
of device.

Table XI presents the average estimated distance at which each type was detected.
From inspection of this table, it is clear that device size was related to the distance at
which detection occurred. The small devices (hand grenade tripwire boobytraps,
Schumines, Mi$ antipersonnel mines, and M1Al activators) were detected at shorter
average distances than were the larger devices (simulated Russian DII10s, 105mm rounds,
and M18A1l antipersornel raines). This result replicates the Task B finding that device
detectability was related to device size.
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Table X!
: i Average Estimated Distance at Which
yE ; Each Type of Device Was Detected )
e
A % Detection Distance (feet)
k! : Device Relatwve Size? X sD
]

‘ DH10 {Simulated Russian Claymore Type Mine) L 194 94
7 . 105mm Round L 15.0 1.
3 ) MI18A1 Antipersonnel Mine M 138 114

: ; M16 Antipersonnel Mine S 23 1.7
3 Hand Grenade Tripwire Boobytrap S 2.1 26
B Schumine S 2. 19
€ M1A1 Activators Attached to Simulated TNT Blocks S 18 4.1
K 3L = {.arge; M = Medium; S = Small.
Ex

"3 To further examine the effect of environmental conditions on detectability, devices
were classified in three ways: (a) by how far off the center of the subjects’ path they
¥ were lccated, (b) by the type of terrain in which they were located, and (c) by the type
2 of grade on which they were located. The results of these classifications are presented in
Tables XII, XIII, and XIV.
5 Detection rate for devices located on the path along which the men traveled
B appeared to decrease as the off-center distance of devices increased (see Table XII). Ail of
these devices were small-sized. This finding probably reflects the fact that as a small item
is placed farther from the center of a path, it is more likely to appear in an individual’s
" A peripheral visual field, where vision is least accurate. Under these conditions, it would be
4 expected that the probebility of detection would decrease.

Average detection distance did not appear to vary with increased off-center distance.
For all devices on the path (excluding hand grenade tripwire boobytraps) the activation
rate dropped as the off-center distance increased. This result reflects the fact that as the
: on-path/off-center distance is increased, the probability of an undetected item being
z contacted and activated will decrease for individuals tre-reling in a line of advance which

E avoids the edges of the path.

i For divices located off the path along which subjects traveled, detection rate and
H the average detection distance appeared to increase with increased off-center distance.
' This result suggests that size was the controlling factor in this case. For devices 4 to

5 feet off-center, three of the four were medium-sized, while of those 6 to 9 feet
9 off-center, five of the six were largesized, This resuit simply reflects the previcus
b observation that larger devices tend to be detected at a higher rate, and at a longer
distance, than smaller devices.

Detection rate also appeared to be re'ated to the type of terrain in which the
devices appeared (see Table XIII). For both below-ground and above-ground devices,
i detection rates appeared tc increase as the terrain changed from little or some vegetation,
to heavy vegetation. Probably this resuli reflects the fact that as vegetation on the terrain

73 ;

Bl . . . . - x
4 increased, the subjects becaine more cautious, sensing this was a danger area. As a 3
E: conseguence, a more thorough search could be accomplished in a given amount of time. §
b "this would, of course, result in a higher detection rate. 2
B &
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Table XIV

Detection, Miss, and Activation Rstes and
Average Detection Distance as a Function of the Grade of the
Ground on Which Devices Were Located

Detection Miss Activation | Detection Distanze (feet)
Rate Rate Rate
Grade N (%) J (%) S X sD
Up 16 740 175 85 5.6 92
Level 6 740 253 7 5.1 6.6
Down 18 64.7 306 4.7 4.4 8.8

For below-ground devices the average detzaction distance did not change, while for
above-ground devices it dropped substantially as the amount of vegetation increased.
Since below-ground devices were all on the subjects’ path, it would be expected that the
average detection distance would not change for these devices. However, for above-ground
devices it would be expected that the average detection distance would drop, since the
terrain background would be more complex, and, as a consequence, long-distance dis-
criminations of the devices from the background would be more difficult.

Finally, detection rate appeare’ to be related to the kind of grade subjects
encountered as they moved along the path of the test course (see Table XIV). For an
upgrade and level grade, average detection rate was about the same. For a downgrade, the
rate dropped. Average detection distance, however, showed little variatior with grade.

This resuit is probably due to two facters: ground/eye distance, and fatigue. On an
incline or on level ground, an individual’s eye is closer to the ground than when he is on
a decline. As a consequence, it could be expected that devices would be harder to detect
on a decline. Also, the upgrade and level parts of the course were completed pror to the
downgrade part of the course. As a consequence, by the time ihe dcwngrade was
reached. the men may have been sufficiently fatigued so that their detection performance
was adversely affected. If so, this would account for part of the above observed
decrement from the upgrade and leve!l grades to the downgrade.

Table XV presents the percentage of times each of seven detection clues aided in the
detection of each type of device employed in the mine and boobytrap test. Overall, color
and shape of the device were the dominant ctues. However, the relative importance of the
different clues differed for the different devices. Color was the dominant clue for the
Schumines, M16s, M18Als, and the hand grenade tripwires. For the DH10s and the
105mm rounds, howaver, shape was the dominant clue. For M1A1/TNT blocks, both
coior and shape were major clues. These results parallel those of Jacobs' which indicated
that color was a dominant clue for Schumines, M16s, M18Als, and M25s, while shape
was dominant for the 105mm rounds and DH10s. Taken together, it ese separate sets of
results suggest that at least two separate kinds of perceptual proceszes operated during
the mine and boobytrap detection test.

Table XVI presents the percentage of times each of eight placement errors aided in
the detection of each type of device used in the mine and boobytrap datection test.

'nterim report to USAMERDC, ‘“ldentification of the Potential Characteristics, Aptitudes, and
Acquired Skills involved in Human Detection of Mines: Reanalysis and Exiension of Concepls,” by T.O.
Jacobs (HumRRO 1R-D4-74-5), January 1974,
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Overall, exposed triggering devices and inadequate camouflage were the primary place-
ment errors that aided in the detection of devices. For the hand grenade tripwire
boobytraps and the M16s, an exposed triggering device was the primary aid, while for the
remaining devices, inadequate camouflage was the primary aid. Since an exposed trigger-
ing device may represent an extreme example of inadequate camouflage, these results
imply that failure to properly camouflage devices is a sufficient condition for the
detection of devices.

fable XVIHI summarizes the search procedures employed by the subjects as they
completed the mine and boobhytzap detection test. An F test revealed that the differences
among the number detected for different search techniques were significant (F =10.35,
dfs=2, 61, p<.01). A mulliple comparison test revealed that the area search and
tootfall search combination was associated with a significantly larger number of detec-
tions compared to the cther technijues. The extent to which the subjects looked up and
out while they wez.2d did not appear to be associated with the subjects’ number of
datections. Finally, the gait the men employed while searching (either a steady walk or a
periodic pause) did not appear to be associgted with the number of detections. Tests of
significance supported these chservations. In both cases F tests produced nonsignificant
results (sre Table XVII). These results suggest that a combination of area search and
footfsll is a superior search fechnique when comparcd fo either area search or footfall
search. Further, they suggest for the present study that searching out and up and
subject’s gait did not influence detection perferinance.

Fable XVil
Search Prozadures Emplcyed by Subjects

Number Detected

#-oceduse N X T, sD
Technique
Area Scarch or Primarily Area Search 2 190 89
Arez Search and £ ootfall Combination 27 308 38
Footfail or Primarily Footfail 35 26.2 53
F=1038;0f=2,61;p< 01
Extent to Which Subjects Searched Gut and
Up While Waiking
Never 12 295 53
A Little 41 277 56
A Lot 1 271 58
F=<1,df=261;NS
Gait Subjects Empioyed While Searching
Walked Steadily 63 28.2 56
Paused Periodically to Lock 11 26.6 50

F=<1;df=162;NS
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Chapter 2
3 TASK E: MINE DETECTION il. BUILT-UP AREAS

BACKGRCUND

Substantial research has been conducted in the last few years to discover the human
factors involved in the detection of mines and boobytraps in field situations.'r?-3
However, no known research has been performed to discover the human factors involved
in the detection of these devices in built-up areas. Therefore, a major purpose of the
Task E research was to investigate the contributicn of both individual difference and
situational factors to the detection process in a built-up area.

One product of the IDENTIFY research for FY 73 was a test battery for selecting
military personnel who were likely to be proficient detectors of mines and boobytraps in
a field environment. In order to further evaluate the generality of the predictor measures
i in this battery, a decision was made to collect data on them during the Task E research.
) This involved the completion of tests measuring binocular visual acuity, level of
dogmatism (closed mindedness}, and level of activities participation; the determination of
the number of years of civilian education completed; the determination of the means by
which high schcol had been completed (if at all); the measurement cf the speed at which
a proficiency test of detection was completed; and an evaluator’s rating of the level of
effort expended during the completion of this test by the subject.

3 In addition to measuring binocular visual acuity, it was suggested during a meeting
= with a consultant (Dr. W.W. Ronan) from the Georgia Institute of Techaology, Depart-
2 ment of Psychology, that visual disparity might be related to detection performance in a
built-up area. Visual disparity is measured by first measuring visual acuity in each eye and

then taking the absolute difference of these measures. To investigate this possibility, the
Visual Acuity Test procedure was modified so measures of visual acuity in the left and
right eyes could alsn be obtained.
5 During the meeting with the consultant it was also suggested that some measure of
= an individual’s color vision be obtained. To accomplish this, a copy of the Army Color
Perception Test was obtained from the Optometry Section of the Fort Benning Medical
Department Activity. Scores from the completion of this test provided a measure of an
individual’s red-green «olor deficiency (if this was present).

In addition, several other individual difference measures were identified for assess-
5 ment. These included three measures of field-dependencefindependence (Hidden Figures
Test, Embedded Figures Test, and Rod and Frame Test), a measure of the effort
expended during search made by the subject, a measure of general ability, three measures

G AN o
T,
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W3

'Bucklin, B.L. Fie!l Dependence and Visugl Detection Ability, Technical Report 4127, Picatinny
Arsenal, Dover, New Jers 'y, May 1971.

IMaxey, Jeffery L and Magner, George J. A Study of Factors Affecting Mine ozd Boobytrop
Detection: Subiect Variables and Operstional Considerations HumRRO Tachnical Report 73-12,
? June 1973.
= 3Maxey. ¢t ol.. ap. cit., August 1973.
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of motivation (achievement motivation beckground, task persistence, and task orienta- .
. tion), ar.d a measure of subjects’ racial background. B
In summary, 15 individual differences (see Table XVIII) were identified by the

project staff for assessment duzing th2 completion of the Task E research. Seven nf these
differences {dcgmatism, activities participaticn, civilian education, securement of high y

school diploma, task orientation, achievement motivation, and persistence) were amenable .

to assessment through paper-and-pencil testing. Three of the differences (visual acuity,

acuity disparity, and red-green color deficiency) were amenable to measurement through
pcrformance testing. One difference (field dependencefindependence) was amenable to
measurement through both paper-and-pencil testing and performance testing. Measures of

two differences (speed of movement and effort expended during search) were obtained as
by-products of proficiency testing, while one diiference (racial background) was obtained

througn direct observation of the subject. Finally, the last difference (general aptitude)

L

was obtained from the subjects’ personnel records. .
Table XVl
3 Individual Differences Assessed During Tusk £ Testing 3
% individual Difference How Measured—Paper-and Pencil Test z
o :
= 1. Level of Dogmatism IDENTIFY Opinion Questionnaire
g 2. Level of Activities Participation Activities Inventory—Part | - E
§ 3. Years of Civilian Education Completed IDENTIFY Intormation Form ‘ E
5_ 4. Means by Which a High Schoo! Diplomaz i %
;gg Was Earned IDENTIFY Information Form 3 E
:‘%% 5. Task Orientation Task Orientation Inventory é
38 6. Achievement Motivation AM Scale g Z
& 7. Persistence Hand Skilis Test { <
» 8. Field Dependence/Independence Hidden Figures Test (Ct-1) k-
Embedded Figures Test (ETS Grp. Version) :
*_.; Rod and Frame Test E
3 8. General Antitude GT Score from personnel records x =
% Individual Ditiererce How Measured £
§ 10. Binocular Visual Acuity Visual Acuity Test ; - |
2= 11.  Acuity Disparity Visual Acuity Test P %
é—é; 12. Level of Red-Gre2n Color Deficiency Army Color Perception Test: . ?f-;
Z= - . 3
g—i By-Product of criterion testing %
B 13. Sgeed of Movement During Search Search time divided by distance traveled 2
g‘g 14. Effort Expended During Search Evaluator rating of effort B
25 Subject rating of effort !
§ 15. Racial Background Direct observation %
Fora -]
:g: APPROACH TO THE PROBLEM E:
= The identification of individual differences and situstional factors related to detec- 3
Er tion proficiency in a built-up area was accomplished by coliecting relevani individual Fi
& difference data from military personnel and by having them complete s criterion test of g
gi detection proficiency in two environments: a simulated office and a simulated home. =
= : k)
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individual Difference Data Collection

Thae individual differences listed in Tabje XVIil were assessed (with the exception of
Speed of Movement and Level of Effort During Search) outside of the criterion test
situation. This assessment involved the colivction of the informaticn indicated in
Table XVIIL!

Implementation of Testing

The paper-and-pencil tests and the performance tests were organized into a test
battery requiring approximately 1.5 hours to complete. They were administered to
100 maie enlisted personnel who were AIT graduates, stationed at Fort Benning, Georgia.
All except one were combat naive. The subjects were members of the 36th Engineer
Group, made available during the period 3 December through 14 December 1973. ‘These
subjects also completed a proficiency test developed to assess their atility to detect mines
and boobytraps employed in a built-up area. During this test, speed of movement and
level of effort expended during <earch were assessed. Also, the search technique employed
during the test was assessed.

The subjects were tested in 10-man groups. Subjects reported to the U.S. Army
Infantry Human Research Unit at approximately 0800 hours on each day of testing. At
that time they were split into two subgroups of five men each. The first st began
completion of the criterion test, while the second subgroup began completion of the
paper-and-pencil and performance test battery. All testing was completed between 0800
and 1200 hours of each testing day.

The paper-and-pencil and performance test battery was administered by 2 HimRRO
research scientist with the assistance of a Human Research Unit specialist and a HumRRO
clerk. Generelly the subjects completed self-administered questionnaires and inventeries
first, then individually administered tests. Finaily, in a group testing situation, they
completed tests with time limits.

The proficiency test was administered in two wooden buildings in the Human
Research Unit area. A one-story building was modified to simulate a civilian office
environment. A two-story building was modified to simulate a civilian residence. The
boitom flcor was set up to look like civilian living quarters; the top floor was set up to
look like civilian sleeping quarters.

The lzyout for the office type building is presented in Figure 3. The fumishings for
esch room used are listed in Table XIX. Twelve boobytraps were located inside this
building, and two were emplaced outside of the building. The types of devices, their
rieans of activation, and their location are listed in Table XX.

The layout for the bottorn floor of the residence type building is presented in
Figure 4. Four rooms were on this floor: bathroom, kitchen, diring room, and living
room. The fumishings for each of these rooms are listed in Table XXI1. Fourteen
bhoobytraps were located inside these rcoms, and one boobyirap was placed nutside the
enwance to ithe bottom floor. The types of devices, their means o. activation, and their
locations are listed in Table XXII.

The layout for the top floor of the residence type building is presented in Figure 5.
Five rooms were on this floor: a lounge, an open area, and three bedrooms. The
furnishings for each of these rooms are listed in Table XXIIl. Fou_teen boobytraps were

'The tests are des-ribed brieflv in Appendix A and in detail in an interim report to USAMERDC,
“Identification and Assessment of the Human Mine Detection Factors ia Built-Up Areas,” (HumRRO

(R-D4.74-3).
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Figure 3

located inside thesz rooms, and one boobyirap was placed on the stairs leading up to this
flocor. The types of devices, their means of activation, and their locations are listed in
Table XXiV.

Subjects completed the proficency test in three parts. The first and fifth subjects in
each subgroup started the criterion test in the residence-type building and finished it in
the office-type building. Ali other men started the test in reverse order. Testing in the
residence-type building began on the first floor and finished on the second ficor. This
schedule allowed for ithe completion of the criterion test within a time frame of about
1.Z hours for each set of five cubjecte,

During the test, the mien wore fatigues, boots, helmets, and a web belt with poncho
and cantsen. In addition, each camried an M16A1 rifle. The test was completed indi-
vidually at the subject’s own pa-o.

Pricr to starfing the proficioncy test, the men received a 15-minute pericd of
instruction or detecting mines and boubytraps in built-up areas. This instruction cover~d
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Table XX

Furnishings in Office Environment

e s T W e AP SR P AT TR

Furnishings Room 1 Room 2 Room 3
Chairs
Desk 1 1 2
Smat! 1 1 1
Tables
Small 0 ) 1
Large 0 1 0
Desks 1 1 2
Bookcase 1 0 1
File cabinets 1 1 0
Lamps 1 1 3
Rugs 1 0 1
Out boxes 1 0 1
Fan 0 0 1
Easel 0 0 1
Table XX
List of Devices, Means of Activation, and
Location Emiployed in Office Environment
RoomNo. |  Deviee | Means of Activation | Location
Qutsde MIA1 Pressure Under 3rd step at entrance
1 MI1A1Y Pressure Behind entrance docer
1 MI1AY Pressure Under rug on floor
1 M5 Pressure release In filing c2binet drawer
1 Explosive Electrically in lamp on desk
2 M5 Pressure relesse In telephone on desk
2 MI1AY Pressure On fioor in front of dask
2 M1A1l Fressure In chair seat behind desk
2 Mi Tripwire Wire from partition to wall
3 M5 Pressure raizase Under {amp on smali table
3 MIAY Pressure Under rug
3 Mt Tripwire Wire from desk to wall
3 M5 Pressure release Onboticm of window near door
Qutside M1 Tripwire Across outside steps to bush
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Civilian Living Quarters
Test Course: Bottom Floor
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Table XXi
Famishings in Residence Environment: First Ficor

Furnisthmgt

Room S5

g Room =

Room 6

Room 7

Chairs
Senalt
Medium
Tebies
Senalt
Medium
Coffe= tablz
Desks
Bookcase
Lamps
Rugs
Television
Sofa
Water fountain
Smali stove
Teaster
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Table XXt

List of Devices, Means of Activation, and
Locaticn Employed in Residence Environment: First Fioor

Room Nc. I Oenze j Ltoans of Actraicn ] Lecatons
Qutside MIAL Pressure Under ctep
Outside L h] Puti Irside screen door
4 Explosiye Pressure 2ctivated slectrcal Behind toiret
avitch
4 M1 Tripwire insde showrer curtamn
5 MS Puil Imids bottle on 13bis
5 M3 Puti Insids drawer
5 L Pt insde dish cabinmt
6 L] Pull Behind doo-
6 MIAY Preszure Under rug
8 L3R Tripwire Yiee from charr to closet
6 a5 Pregsure telease Betwean chawms 31 tahle
7 L) Preswyre relzze Under seat m lounge chowr
7 M5 Pressure relrase Behing TV
7 Explosive Electricat In iamp on bookcise
7 M5 Prassure release in “Sex™ book = bookcase
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Civilian Sleeping Quarters
Test Course: Top Floor
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Table XXHI

Furnishings in Residence Environment: Second Floor

5 NELGAYY 3 Lt ol

Furnishings Room 8 Room 9 Room 10 | Room 11 Room 12
Chairs
Smal} 1 2 2 1 3
Medium 1 0 0 0 0
Tables
: Smal! 0 0 2 1 1
; Medium 0 1 0 o (¢}
Large 1 0 0 0 0
% Desks 0 0 0 1 3
? Bookcase 0 0 G 0 1
g Rugs 0 1 0 1 0
%j Bed with mattress 0 0 1 1 1
g Sofa 1 o 0 0 0
% Table XXIV
L:517 of Devices, Means of Activation, and
7 Location Employed in Residence Environment: Second Floor
s Room No. Device l Means of Actvation ] Location
Stairwell MiA1 Pressure Under 2nd stair on stairs to t
5 second floor E
4 8 M1A1 Pressure Back oy door Z
% 8 M1 Pull Under small folding chair i
g.; 8 M5 Pressure release Under sofa cushion %
£ 9 MIA1 Pressure Under rug %
4
% 9 M1 Tripwire Across top of stairs K
§ 16 MS Pressure release Under mattress %
h 10 M5 Pressure release Under leg of chair at table 2
z 10 M1 Tripwire Behind curtain in closet 3
: 1 M1 Tripwire In left side of clothes closet E
& 11 Explosive Electrically In upper part of window %
- 11 Explosive Electrically In ceiling light S
- 12 Ms Pressure release Under bookcase §
{ 12 MS Pressure release Between chair and table f?
N 12 MI1A1 Pressure Under top left corner of bed ’g
3 f>4
: 2
,; (5]
s 30 z
3 3
5
- e A T = i e R - AP




%gi%f;; T e o vk ROy fe T B e SO NN S ITR S L VAT T TR AR A vr s e WD

R e

T e A e L T e

the types of devices likely to be encountered in built-up areas, methods of employment,
cues likely to suggest the presence of these devices, and appropriate search techniques.
Examples of the specific types of devices likely to be encountered during the test were
shown the subjects, and their operation was explained.

Next, the men were briefed on the nature of the tactical situation presented by the
test. Subjects were told to assume they were part of a company that had moved inio a
built-up area from which an enemy force had recently withdrawn after token resistance.
It was explained that this enemy was suspected of having placed mines and boobytraps in
the area before its retreat. Next, they were told their platoon had been given the mission
of clearing a number of buildings which would be used as a hattalion headquarters.
Finally, it was explained that they were to go thronrgh certain designated buildings and
detect and mark any mines or hocbhytiaps left by the enemy. They were further told that
EOD personnel would eventually dispose of the devices they had detected.

Subjects were then given guidance concerning the procedure to be followed during
their detection effort. They were told there would be a pre marked path to follow
through each of two buildings although they could deviate from the path to investigate

3
¥
-3
55

)
K
Aoy
3
3
53

(3) Measured the distance from the evaluator to the suspected device.

(4) Entered the elapsed time, the basic clug, and the distance measure un the
subject’s evaluation form,

(5) Repaired any disturbance io the mine or boobytrap.

(6) Reset the stopwatch.

When a device was activated, the cvaluator made a notation to this effect on the
subject’s evaluation sheet. When a subject made a false detection—that is, indicated a
device was present when it actually was not—the evaluator acted as if a device was
present and collected the appropriate information. This information and the fact the
detection was false were then entered on the subject’s evaluation form.

Immcdiately after completing each part of the test, the subject rated the level of
effort he felt he had put forth during that part of the test. Simultaneously, the evaluator
independently rated the level of effort he had observed the subject manifesting during
that part of the test. The same five-point scale (unsatisfactory, fair, good, very good, and
outstanding) was used for both of these ratings. Both subjects and evaluatcrs were
instructed to base their ratings on how hard they thought the subjects were trying, not
on detection success.

Also for each part of the test, evaluators indicated for each subject the type of
search technique employed by the subject during the completion of the test. The
response alternatives listed in Table XXV were used in this evaluation.

= suspected areas. It was explained that they could touch objects when this was necessary
e B to supplement their visuzl search effort. Subjects were told they could move through the
e § buildings at any pace they considered appropriate.
: % After the test procedures were explained to the men, they were taken to a holding
A B area. They were then called from the holding area to an appropriate test site a- space
E: § became available. Before the subject entered the area, the evaluator reviewed the test
E: z procedures with hira and asked him if he had anv questions about what he could and
- g could not do during the ‘est. Questions were answered. The test for that area was
i g then begun.

E As the subject moved from the starting point for each part of the test, an evaluator
2 5 started a stopwatch and maintained a position behind the subject where he could closely
E: % observe the search procedure. When a subject stopped and pointed out a location he
3 £ thought contained a mine or boobytrap, the evaluator performed the fellowing actions:
A 3 (1) Stoppad the stopwatch.
. g (2) Asked the subject for the basic clue he felt indicated the presence of
- (] a device.
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Table XXV

Search Technique Categories Used by
Evaluators to Describe Individual
Search Strategies Emplovsid by Subjects

Category A

Searched floor primarily
Searched furnishings primarity
Alternated between searching floor and furnishings

Category B

Searched suspected areas only
Searched aii areas sysiematically

Catogory €
Searched on, in, and under furniture

Category D

Used sense of touch 10 supplement visual detection

After each part of the criterion test had been compieted and all individual difference
data had been collected, subjects were dismissed. Each subject was used only once during
this study.

RESULTS

Human Factors Data Analysis

One hundred subjects produced a total of 3134 detections during the completion of
the proficiency iest. Of these detections, 3090 (98.6%) were iwcue detections—that is, a
simulated mine or boobytrap empiac:d in or around the buildings was detected. The
remaining 44 detections (1.4%) were false deteciicns—that is, a device was said to be
present when no device was actvally there. The average deicction rate was 70.2 percent
(SD =13.4). The average miss rate was 22.2 percent (SD = 11.6) annd the average activa-
tion rate was 7.6 percent (SD = 3.8) per subject.

The detection, miss, and activation vates of each device were calculated. Inspection
of these statistics indicated that the simulated devices could be divided into two
categories: (a) devices detected or missed, but seldom ot never activated (Deiected/Missed
Devices) and (b) devices detected or activated, but seldom or never missed {Detected/
Activated Devices). Most devices (84.1%) were in the first category. Tables XXVI and
XXVII list the devices in each category, as well as their detection, miss, and activa-
tion rates,

Evaluation of the devices .» each category revealed that those in the Detected/
Missed category generally were emglaced inside, under, between, or behind objects off
the path on which subjects adv:inced. Those in the Detected/Activated category generally
were emplaced in such a manner that they intersected and crossed the path on which the
men advanced.
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Table XXVI ’%
= Mean Detection, Miss, and Activation Rates for ‘§
. Devices Seldom or Never Activated #®
- {Percent) %
e Device Detection Rate Miss Rate Activation Rate %:
£ 2
A M1A1 hidden under a floor rug 98 2 0 3
K M1 with tripwire in closet at shoulder height 98 2 0 F |
M1 with tripwire behind curtain in closet 97 3 0 E:
3 M1A1 hidden under a floor rug 96 4 0 2
M1A1 hidden under desk chair seat 96 4 ¢} ¥
- M1A1 Kidden under a floor rug 96 3 1 f§
E M1 with tripwire from desk to wall across '
- subject’s path 94 6 L ?;
3 M5 between two table chairs 94 5 1 3
Z M1 under folding chair a3 7 o 3
M1A1T under mattress on bed 92 8 0 §
i M5 between chair and table 92 8 0 §
M5 under bookcase on floor 91 7 2 3
. M5 under mattress on bed 87 13 o :
é M5 under sofa cushion 86 13 1 E
E , M1A1 under floor rug 83 17 0 ]
o Expiosive under toilet water tank 82 18 0 H
] M1 inside shower stall curtain 80 19 1 3
: M5 under stuffed chair seat 80 19 1 z
2 M1A1 behind door 78 2 0 3
3 /. M1 inside dish cabine. 78 22 0 3
Explosive in lamp on bookcase 78 22 0 E
E M5 under lamp on desk 75 24 1 i
Er 3 M1 inside drawer on table 73 27 0 3
E #5 behind television 72 28 0 i &
< y Explosive in lamp on desk 66 34 0 i A
b M1A1 behind door near lower hinge 62 25 3 ’ 3
A B M5 urder leg of table chair 61 39 0 =
£ M5 in book in bookcase 53 46 1 §
& 1 MS inside bottle on table 51 49 0
< M1A1 on tloor 51 40 9 g
4 3 M5 between window and frame 48 52 0 -
s 1y M5 in desk telephone 44 56 0 g
: 3 M1 behind door 40 59 1 3
‘ ;;T M1A1 under 2nd step at entrance to home §
: 1 environment 39 51 10 z
h 3 Explosive in upper part of window 32 68 't] ?’,
A Explosive in ceiling light 22 78 0 -
: 3 2
{ 2 ’ﬂ
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Table XXV
Mean Detection, Miss, and Activation Rates for

il N pogh iy ¥ e e =
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Devices Seldom or Never Missed
{Percent)
Dovice Detection Rate Miss Rate Activation Rate

M1 with tripwire across top of stairway used hy

subject to get to 2nd stury of home

environment 85 0 15
M1 with tripwire from chair to clos:t across

subject’s path 81 0 19
M1A1 under step at entrance of office

environment 50 4 36
841 with tripwire from desk to wail asross

subject’s patn 51 6 43
M1 with tripwire from step to bush at exit

from office environment 40 51
M1 behind screen door 39 1 60
M1A1 under 2nd stair on stairway - used by

subject to get to 2nd story of home

environment 25 3 72

In the Detected/Missed category, detection rate appeared to be related to the way in
which simulated devices were hidden {see Table XXVIII). Devices with a low {less than
50%) or medium (50% to 79%) detection rate were generally hidden either inside, behind,
or between objects in the testing area. Devices with a high (80% or greater) detection rate
were generally hidden under objects in the testing area. In the Detected/Activated
-..egory, devices with a low or medium detection rate were less exposed than those with
a high detection rate.

To study the relationship between detection rate and clues stated by subjects as
assisting in their detection for each category of simulated device, the percentage of times
each of the 11 clues were employed was calculated for low, medium, and high deiection
rates. These results are presented in Table XXIX. For devices in both categories, an
exposed triggering device was the primary clue at all detection rates.

These results suggest that the detection of devices in the Detected/Missed category
was mediated by subjects’ orienting toward likely hiding places off their path of advance.
The detection of devices in the Detected/Activated category appeared to be mediated by
how visible these devices were on the path of advance. In both cases, it would appear
that once the men were oriented toward a device, the primary basis for a detection was
an exposed triggering device.

Analysis of Detection Distance Data

When a simulated device was detected, the evaluator used a yardstick to measure the
distance of the subject from the device at the time of detection. From these data, the
average detection distance was calculated for each device. These results are presented in
Table XXX. Next, for each category of simulated device, a correlation was obtained
between the average detection rate and the average detection distance. For Detected/
Missed Devices, the correlation between average detection rate and average detection
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‘ Table XXVIH

Fraquency of Each Method of Using Devices for
. Detected/Missed and Detected/Activated Devices for
Low, Medium, and High Detection Rate

AL AT

‘ & Method of Hiding Detected/Mised Device | Detected/Activated Device
: Low Detection Rate
1 Exposed triggering device 1 2
Under object 12 0
g Behind/between objects 2 0
inside objects 3 0
g Medium Detection Rate
Exposed triggeriry device 1 1
Under object 2 1
{ Behind/between ohjects 3 0
Inside objacts 7 0
High Detection Rate
S Exposed trigger.ng device 0 1
Under object 1 1
: Behind/between objects 2 1
§ Inside objects 3 0
: g :
& § :
::Ag %
S § Table XXX
2 g Percent of Timies Each Detection Clue was Used for
£ Detected/Missed and Detected/Activated Devices for 3
1 High, Medium, and Low Detection Rates :
1 £ E
E % Detection Rate %
- % Clue Low Medium High, %
4 Detected/Activated Devives
. = Out-of-place object 30 - 6 3
- % Object designed to attract special interest - - - §
g Unnaturat condition of furnishings 30 29.4 - %
‘ % Exposed portion of simulated device 11.% 28 24 3
7 £ Exposed portion of triggering device 65.7 54.1 8538 g
H g Material used to conceal device - 9 - S
E 4 Continued use of same technique - - - &
& ¥ Anticipated Location 30 9 - 3
£ Variation in device color - 1o 12 £
¢ % Variation in shape - - 2
E £ Varistion in texture 142 9 z
: L Total 1000 1000 1000 z
F (Continued) 3
£ %
E - 3 =
2
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Table XXIX {Continved) y
Parcent: of Times Each Detection Clue was Usad for
Detectod/Missed - * dotocted/Activated Devices for .

High, Mediuin, :d Low Dstection Rates

Detectior Rate

Clue Low Medium High

Detected/Missed Devices

Out-of-placa object 137 338 9.2
Objest designad to attract special interest - 6.9 £ .
Unnatura! condition of furnishisngs 142 i6 283 i
Exposed portion of simulated device 202 333 236 !
Exposed portion of triggering device 442 432 349 3
Material used to conceal device 4 A 4
Continued use of same technique - 6 B8
Anticipated location 56 3.1 37 .
Variation in device color 17 1 4 H
Variation in shape - 2 - :
Variation in texture - - 3 ;

Total 1008 HE 1000

Table XXX

Mean and Standard Deviation of the Detection Distance for
Each Simulated Mine and Boobytrap Device

Detecticn Distance (!Inches)

e e A T T L A e L N L B S B A N ST

Average
Device How Emoloyed?® 1 Detection Rate x sb
Inside screen door B 40 20 26
In book in bookcase | 53 30 33 S
Inside bottle i 51 52 42 £
Insid= dish cabinet i 78 53 14 3
Under chair leg U 80 58 a5 3
Inside shower stall i 80 6.4 45 %
{n lamp on bookcuse i 78 79 175 3
Under step U 25 88 8.7 E
Under step U K 103 6.1 2
Under toilet tank U 82 126 6.1 z
Under rug u 96 135 84
Behind televisicn B 72 13.6 6.1
In filing cabinet drawer i 51 148 142
Tripwire from czbinet to closet ETD 81 194 216
Tripwire from step to bush ETD 39 201 217
{Contizued)
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Table XXX (Continzed)

Mean and Standard Deviation of the Detection Distance for
Each Simulated Mine and Boobytrap Dewvice

Detection Distance (inches)

Average
Device How Employed® | Detection Rate x SD

Between window and frame B 48 214 13.1
Inside drawer i 73 217 8.4
Behind door g 40 235 13.7
In telephone ! 44 25.6 192
O)n floor in front of desk ETD 51 256 206
taside closet curtsin { 97 259 14.1
Lnder step U 60 273 10.7
In uppe: part of window ! 32 278 143
In Jesk chair } 26 314 142
in clothes closet ! 93 315 nz2
Tripwire from desk to wall ETD 51 318 216
Under bookcase on floor U 91 324 153
Under rug U 83 33 170
8ehind door 8 78 333 18.1
Batween table and chair 8 84 337 240
Behind dowr B8 62 349 39
Between chair and table 8 92 ¥4 45
Under chair U 93 8BS 28
Tripwire from desk to wall ETD 94 386 194
Under lamp U 75 41.0 278
Urder mattress U 92 412 15.7
Under mattress U 87 413 108
Unde: ri3 U 96 43.0 287
Under sofa cushion U 86 437 259
In desk lamp i 66 444 396
Under chair leg U 61 472 227
Tripwsire acress step ETD 85 528 248
Under rug U a8 576 37.1

in ceiling light 1 22 62.3 239

28 - hic'den behind/between cbiject,

exposed triggering device,

1 - hidden mnside of object: U - hidden under osbject: ETD - hwdden with
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distance was .16 (df = 35, NS), while this correlation for Detected/Activated Devices was
a .71 (df =5, 05< p < .10). In both cases the correlaticn was not significant. However,
there was a tendency for average detection rate to be related to the average detection
distance for Detected/Activated Devices. This laiter trend supports the suggestion that for
DetectedfActivated Devices, level of visibility was an important facter in their detection.

Analysis of the False Detection Data

Of the 100 subjects who completed the proficiency test, 22 subjects produced
44 false dutections. The average number per subject producing false detections was 2.0
(SD =1.7). The average number over all men completing the proficiency test was 4
(SD =1.1). False detections were a very low prcbability event. This was aiso true for the
Task B field mine and boobythap proficiency test.

All false detections were made in the office environment. This was unexpected, since
false detections produced during the Task B field testing had occusred in all environments
studied. Since some men started the test in the office environment while others started it
in the home environment, it was hypothesized that the different starting points may have
affected the production of false detections in the office environment. To test this
hypothesis, subjects were divided into iwo groups: those producing false detections
(N = 22) and those not producing false detections (N = 78). Next, ea.h of these groups
was further subdivided into those subjects who started the test in the office environment
and into those who started the test in the home environment. Finally, a Chi-Square test
of association was performed on the data to determine if there was a relationship
beiween test starting point and whether or not false detections were produced in the
office environment. A Chi-Square test (0.50, df =1) was not significant. This result
indicated that there was no relationship between test starting point and false detec-
tion product.

Another possibility was that the evaluator for the office environment had a different
criterion for accepting subjecis’ responses as faise detections than did the evaluators in
the home environment. Interviews with the evaluators produced no evidence to support
this hypothesis.

Thus, the basis for the differential production of false detections by subjects in the
present study is unclear. It may be an experimental artifact or it may be that false
detections are a characteristic of office environments and not of home environments.
Further research will be required to study this problem.

Analysis of Search Techniques Employed by Subjects

The search technique employed by the men in each test environment was assessed
by the evaiuators using a check list. To determine whether detection rate varied according
to the search technique employed, the average detection rate was computed for each of
the foulowing: A—searched floor primarily, B—searched furnishings primarily, C—alter-
nated between searching the floor and the fumnishings, D—searched suspected areas only,
E—searcheu all areas systematically, F—sezzched on, in, and under fumiture, and G—used
sense of touch. The results of these computations are presented in Table XXXI. From a
review of this table, several trends in the data were identified.

Considering techniques A, B, and C as defining a search technique category, it is
clear that technique C (alternated between searching floor and fumishings) was favored
most frequently by the men. Also, for these three techniques, C was associated with the
highest average detection rate in each test environment.

Considering techniques D and E as defining a search technique category, it is clear
that there was more of a tendency for technique E (searched all areas systematically) to
be assuciated with higher average detection rates than for technique D. Also, use of this
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§ Table XXX!
E £
= 2 . Detection Rate as a Function of Search Techniques
A ] Used by Subjects for Each Test Environment
=3 R
- ] Ofiice Environment Living Quarters Sizeping Quarters
3 £ Seacch
g Technique? % b3 sD % R 1 SD % l x sD
§ A 0 - - 22 35 7 i1 40 o0
2 > 8 40.2 7E 18 86 71 1.6 411 10.7 18
g C 598 103 22 204 92 190 578 129 5
f § D 546 81 19 75 90 18 400 106 14
E 278 110 1.7 Gz 116 22 537 122 13
4 F 247 104 30 22 110 14 916 11.7 14
= & NonF 753 88 21 978 104 28 84 96 27
&
3 g G 134 110 26 1.3 120 00 474 120 1.7
s £ NonG 86.6 89 23 8856 104 27 526 11.1 14
A § A Szarch floor primantly
z - B Searchied furnishings paimarity
& § C Alternated between searching fioor and furnishings
E g D Searched suspectad areas only
= E Searched all areas systematically
§ F Searched on, in, and under furniture
%ﬁ NonF Did not seurch on, in, and under furnitere
{é G Used sense of touch
g NonG Did not use sense of touch

: technique appeared to depend upon the test environment More men employed tech-

B nique E in the home environment (living and siceping quartess) than in the office

g environment. These results suggest that had more subjects adopted technique E in the

z office environment, the average detection rate for this environment probably would have
% ¥ been higher.

§ Use of technique F (searched on, in, and under furniture) also depended upon the

ES £ test environment. It was used by over 90 percent of the subjects in .he sleeping quarters

b3 envircnment, while only 2.2 and 24.7 percent of the subjects used it in the living quarters

5 5 and the civilian office environmeidts, respectively. Further, use of this technique appeared

tc be associated with higher average detect:ons. These resulis suggest that had more

subjects used technique F in the office and living quarters environments, the average
. detection rates for these environments probably would have been higher.
B - Use of Technique G (used sense of touch) was generally low across test environ-
= ments. However, its use appearcd to be associated with higher average detection rates.
3 This result suggests that deteciion performance probably would have been improved
across the test environments if more men had used touch to aid in their detection effort.
= These results, considered together, suggest for the Task F study, the best search
- technique was to alternate belween searching the floor and fumnishings, io search all areas
= systematically, o search on, in, and under fumiture, and to use the sense of touch to aid
: in the performance of the detecticn task. Due to the small number of subjects appearing

: in some of tae categories in Table XXI, it was not appropriate to poriorm statistical
analyses to determine whether any true differences exictcd umong the categories of search
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techniques. As a consequence, only the observed trends were discussed. Further research
with statistically adequate numbers of subjects employing various combinations of these
technigues will be vequired 1o establish the true validity of these results and
their implications.

{ndividual Difference Data Analysis

A multiple regression equat:on involving the predictors measured by the test battery
developed in the FY 73 IDENTIFY research was deveioped from the data coilected
during the present study. The regression weights and percent of criterion variance
accounted for by each measure are presented in Table XXXIi. The multiple correlation
between the weighted combination of these variables and the criterion was .86 (p < .01,
df =8,72). The total criterion variance accounted for was 74 percent. However,
70 percent of the total variance was accounted for by only one measure, the average of
the evaluators’ effort ratings. The other measures in the equation together accounted for
the remaining 4 percent. This result indicates that for this set cf measures the average of
the evaluators’ ratings was the primary predictor of the total number of detections
occurring in the built-up area. This suggests that the predictor test battery developed
during Fiscal Year 1973 IDENTIFY research cannot be used to predict detection
performance in a built-up area.

Table XXXH

Percer:t of Criterion Variance Accounted for by Each Measure in
IDENTIFY Task C Predictor Battery for Both 7ask B and Task £ Samples

Percent Critevion Variance Percent Criterron Variance
Accounted for vy Accounted for by
Vanable Task 8 Equation Task C Equation
Speed of Movement During
Search/Course Length 286 0.7
Etfort Expended Duning Search 73 700
Education
Years of Civilian Education Compieted 24 09
H.S. Diploma 35 -02
H.S. Diploma Secured by GED Test 12 09
Activities Pzrticipation 25 35
Level of Dogmatism 14 -02
Binocular Visual Acuity 05 02
All Measures Together 58% 74%
Aultiple R .76 26

Table XXXIOI presents the correlation matrix for the individual difference and
performance test measures for the £1 subjects who completed all phases of the testing.
GT score was not included in this matrix, since these scores were availab'e for only
58 men. Whern several measures of variable were available for a single subject, the average
of these was used for this analysis.

A factor analysis of the matrix of intercorrelations is presented in Table XXXIV.
The factor analysis model was a principal components solution with a varimax rotation,
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Table XXXiV

Factor Analysis of Predictor and Criterion Variables for
Built-Up Asea Detecticn

Vacighte 1 1 e (34 v

1. Racial Background -03 04 ‘.s_q 09 b7,
2. Embedded Figures Test 13 23 55 39 -1t
3. BRod and Frame Test -.03 00 ﬁ! -5 - 05
4. High School Diploma 03 85 -05 -0 02
5. Civilian Educstion - 07 £3 -05 27 01
6. AM Scale -07 06 a1 833 08
7. Task Crientation inventory 08 -07 -.17 1427 RE
8. Color Percepuon Test R¥] 14 27 N _49_: -.19
9. Binocular Visual Acuity - 01 - 03 -09 -.10 =3
10.  Average Subject Effort Expended Tar 02 20 54 18
11.  Average Evsluator Effort Expenled 90 01 - 06 G5 23
12. Total Search Time 58 -05 -5 0s  [[63]
13. Totat Detections ag -03 12 08 -03
14. Total Misses -88 07 .10 - 07 02
15. Tots! Activations - 5% - .09 i2) - 06 -.10
16. Total False Datections 14 -.03 1 20

Five factors emerged from this analysis. (Variables that did not load .4 or above on at
least one factor were excludedi from this table.)

The first factor was defined by three detection performance measures {percent
detections, percent misses, and percent activations), the efiort measures (subject and
evaluators’ ratings), and search time. Both time and efforz were highly correlated with
this factor. Further, no other variable loaded on this factor and these variables, with the
exception of time, did not load on any other factors.

The second factor was defined by the high school diplcma and civilian education
measures. These were not related to any other factors nor to detection proiiciency.

The third factor was defined by racial background, Embedded Figures Test perform-
ance, and Rod and Frame Test performance. The two test variables are paper-and-pencil
measures. This factor s simiar to the test-tzking factor identified in Task G (see
Chapter 4). As was fecund in the Tesk G analysis, detcction perfcrmance did not load on
this variable. This :s consistent with the position that paper-and-pencil test measures
gzpend on performance ckills which are different from those required to detect mines
and boobytraps.

The fourth factor was defined by two motivational measures, achievement motiva
tion and task erientation, and color vision test performance. Since the motivaucnal
measures and the color vision measure represent different psychological dimensions
{perceptual and motivational), this factor was not thought to be meaningiul. That is. it is
likely this factor occurred by chance.
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Finally, the fifth factor was defined by binocular visual acuity, search time, and :
number of false detections. Their occurrence together sugzests that false detections are )

produced by individuals who have poor visual acuity and who are excessively cautious :
. (hence taking more time to complete the detection task}.

The most striking observation from this table is that built-up area detection perform-
ance, together with search time and effort, was independent, that is, not associated with
the paper-and-pencil or other measures studied it Task E. This result is in general -
agreement with those to be reported in Chapter 4 for field detection performance. These
findings strongly suggest that detection performance is probably not predictable from
knowledge of individual difference measures which are not performance oriented.

For the 58 subjects for whom GT scores were availabie, the correlations between GT
score and the deteclion performar~e measures were computed {see Table XXXV). None
of the detection performance measures was correlaied significantly with GT score.
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Table XXXV

Correlation of GT Test Score With
Detection Performance

Detection Performance Measure l r 1 df I P 5 5
Percent Total Detections - 07 56 NS s
Percent Total Misses 15 56 NS
Percent Total Activations -.13 56 NS
Total False Detections -.16 56 NS
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Chapter 3
TASK F: MINE DETECTION FACTORS IN VEHICULAR OPERATIONS

BACKGROUND

Through the years armies have attempted to increase their ground mobility by
conducting vehicle-mounted operations. Opposing forces have tried to restrict this capa-
bility by employing mines and hoobytraps. One technique for countering the use of these
devices is to place individuals on a moving vehicle in a position from which they can
observe and search visually for mines and boobytraps.

This is admittedly a very difficult task. However, combat-experienced individuals
have reported that devices were visually detected in Vietnam by mounted personnel.
Moreover, in tests run by Picatinny Arsenal, moving tank-mounted personnel, attempting
to detect surface-laid mines, exhibited a visual detection capability.!

The purpose of Task F was to identify and assess the human mine detection factors
involved in vehicular operations, both along an established road and in a cross-country
setting. This was accomplished through field tests of military personnel, using three types
3 of vehicles.

APPROACH TO THE PROBLEM

Design

The overall design “~r this study was a 3 x 3 repeated measurements factorial design.
The between-subjects va.. Hle was the type of vehicle from which the detection task was
completed (jeep, APC, or tank). The within-subjects variable was the type of course
completed (road course, hasty minefield course, and deliberate minefield course).

ARG e fry e p

SR 1004 o

Subjects

A total of 72 subjects were tested—eight Infantry AIT graduates each day for the
nine working days of the test period. Each man was tested once. Each wore fatigues, a
helmet, and = web belt with poncho, and carried a canieen.

S B

bt

Vehicles

3 Subjects observed from three types of vehicles: A 1/4-ton jeep (M151), an armored
3 personnel carrier (APC) (M113), and a tank (M48 cor M60). Each vehicle was used for
i three days in the following sequence: 1/4-ton jeep (29 April, 1-2 May}, APC (8-10 May),
3 and tank (13-15 May).

'Bucklin, B., e¢ aof Camp Drum Test of Mine Effectiveness, Technical Memorandum 2¢67,
Picatinny Arsenal, Dover, New Jersey, December 1972,
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. Field Test Area

There were three test sites, either on or in the vicinity of Warner Range on the Fort
Benning Military Reservation (cee Figure 6). Course No. 1, established on a tank trail
(road), consisted of Part A and Part B, each 500 meters long. On each part of the course
and boobytraps were placed at random intervals in or along the sides of the trail, or in
the vegetation along the trail. These devices were buried or camouflaged to provide a
moderate degree of difficulty in detection. Figure 7 presents the types of devices and
their sequence of presentation for Course No. 1.

Course No. 2 was a 50 x 120-meter, hasty minefield, with 32 surface-laid mines
placed in four rows in grass (12 to 30’ high). Each row contained four Teller anti-
vehicular mines and four M15 anti-vehicular mines. Figure 8 presents the emplacement
and sequence of the Teller and M15 mines for Course No. 2.

Course No. 3 was 50 x 160-meter field area, with 90 mines emplaced according to a
specific pattern and buried in the ground. There were four types of mines in this course:
30 Teller anti-vehicular mines, 20 M15 anti-vehicular mines with tilt rods, 2C M16 anti-
personnel mines, and 20 POMZ antipersonnel mines. As part of the course, a plowed strip
containing five buried Teller anti-vehicular mines was established. Figure 9 presents the
placement andG sequence of the mines for this field.
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Conduct of the Test

The subjects and vehicles reported to Warner Range at 0800 on each test day. First,
the men were given a general briefing on the detection task. Next, they were assigned
identification numbers. Testing was completed on the three courses according to the
schedule presented in Table XXXVI.

On Course No. 1, the men were tested cn each part at two vehicular speeds—5 and
15 miles per hour (mph). Experimental control among major variables was accomplished
by the counterbalanced schedule shown in Table XXXVI. Individual performance meas.
ures for this course were (a) the percentage of devices detected, (b) the estimated distance
to detected devices, (c) the number of false detections produced, and (d) the rated level
of effort put forth by the men during the detection task.

Testing was initiated on Course No. 1 by the vehicle moving from a designated start
point at the speed called for by the testing schedule. The subject occupied a seat
designated as the observer’s position. In the jeep this was the right front seat; in the APC
it was the commander’s hatch which is located in the middle of the top forward area:
and in the tank it was also the commander’s hatch which is located near the middle of
I the turret. An evaluator was stationed to the rear of the observer. When the observer
2 : detected a device on the course, he nointed to the device and notified the evaluator. The
'; evaluator indicated on 2 score sheet that the device was detected and estimated the
- distance at detection. The evaluator also recorded the subject’s false detections.

On Courses No. 2 and 3, the vehicles moved along a designated path through the
£ field at a speed considered appropriate by the subjects. This was usually less than 5 mph.
5 Initially, the subject indicated when he detected the forward edge of the minefield. When
he made this observation, the evaluator indicated on the score sheet the approximate
4 location of the vehicle. After this, the subject indicated his detection of individuai mines
by both pointing to and verbally reporting devices he saw. The evaluator then marked the
detections on the score sheet. He alsc recorded anyv false detections.

Next the subject was instructed to indicate when he thought the vehicle was clear
of the minefield, and the evaluator noted this location on the score shzet. Finally, the
evaluator rated the subject’s level of effort during the detection task.

Performance measures for Courses No. 2 and 3 were (a) the percentage of devices
detected, (b) the location of the vehicle when the forward edge of the field was detected.
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Detection Course No. 1: Road
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;; Table XXXV} N
: Schedule of Course Completion for Task F

AL

Course No. 1
Part A Part B
Subject S mph i5 mph S mph 15 mph Course No. 2 Course No. 3
1 1st 2nd 3rd 4th
2 2nd 1st 3id 4th
3 st 2nd 3rd 4th
4 2nd 1st 3rd ath g
5 st 2nd 3rd 4th i
6 2nd st 3rd 4th X
7 1st 2nd 3rd 4th
8 2nd st 3rd 4th

(c) the location of the vehicle when it was thought the vehicle was out of the minefield,
(d) th> number of false detections produced, and (e) the level of effort by the subject
during the detection task.

RESULTS

Evatuation of the Effect of Vehicle and
Course Type on Detection Performance

To investigate the detection performance of the men as & function of both the type
of vehicle from which the detection task was performed and the type of course in which
the detection task took place, a 3 x 3 repeated measurements factorial analysis of
variance was conducted during the study. The dependent variable for this analysis was the
percentage of devices detected by each observer on (a) the road course (Course No. 1) ;
while traveling st 5 mph, (b)the hasty minefield course (Course No.2), and (c) the %
deliberate minefield course (Course No. 3). The between-subject variable was the type of
vehicle from which the detection task was performed: jeep, APC, or tank. The =
: within-subject variable was the type of course in which the detection task took place: %
Course No. 1 (5 mph speed), Course No. 2, and Course No. 3.

Table XXXVII presents the results of this analysis. Only the interaction between the g
vehicular and course type conditions was significant (F = 16.28, df =4, 138, p< .01). g
Thus, the data indicate that the effect a particular type of vehicle had on an observer's 4
detection performance varied as a function of the type of course in which the detection 3
task was performed. Figure 10 presents this interaction graphically. Tests of the simple 2
main effacts were conducted to further investigate this interaction. The results of these -
tests are presented in Tabie XXX VIIL. z

The simple effects test for vehicles at Course No. 1 indicated that the differences in ¥
the average detection performance among the three vehicles were significant. A multiple %
comparison test of the pairwise mean differences showed that jeep detection performance g

o
2
.ﬁé‘i
2
3

& ‘I“ J

W R A PN

was significantly higher than either the APC or tank detection performance, but for these
iatter vehicles this performance was not significantly different.

The siinple effects test for vehicles at Course No. 2, as well as for Course No. 3,
showed that the differences in average performance among the three vehicles were also
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Table XXXVIi
Analysis of Variance of Detection Data for 7Task F
Source of Variation daf MS F o

Between Subjects

Vehicles (V) 2 3134 <1 NS

Error {Subject x Grougps) 8% 3288
Within Subjects

Course Type {C) 2 237.4 1.68 NS

VxC 4 2301.3 16.28 <.01

Erros (€ x Subjects Within Groups) 138 141.4

Profile of Vehicle X Course-Type Interaction
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Figure 10

significant. Multiple comparison tests of the pairwise mean differenices indicated that
these differences were significant only for the comparicons between the jeep und tank
conditions. Comparisons involving the APC condition were in each case nonsignificant.
The simple effects test for course type at the jeep and tank <onditions showed that
the differences in the average detection performance among the three courses were also
significant. Mulliple comparison tests of the pairwise mean differences indicated that,
from Course No. 1 to Course No. 2, detection performance dropred significantly for the
jeep, while it rose significan‘ly for ihe tank. Further, these tests snowed that from Course
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Table XXXViH

Analysis of Variance for Simple Main Effects for Task

Scurce of Variation df PMS F p

Between Subjects

LAy Pl TR L N U TN

Vehicles for C-arse No. 1 2 2000.3 9.81 <.;n
Vehicles for Course No, 2 2 1977.4 9.70 < 01
Vehicles for Course %o. 3 2 938.4 460 <
Erro.s (Within Cell) 65 203.8
Within Subjects

Courses for Jeep 2 2909.2 2058 <0
Courses for APC z 120.3 <1 NS
Courses for Tank 2 1810.6 12.81 <.01
Errer (C x Subjects Within Groups) 138 141.4

No. 2 to Course No. 3 the magnitude of the average detection performance did not show
any significant change for both the jeep and tank.

Finally, the simple effects test for course tvpe at the APC leve! was nonsignificant.
This indicates that, across the three test courses, detection peiformance for the APC
remained at essentially the same level.

Thus, these results suggest the fallowing picture cf detection jerformance as it
occurred during the study: As the detection situatior: changed from: a road to a field
environment, jeep detection performance was affected adversely—that is, performance
dropped from a high ievel to a lower levei. On the other hand, tank detection per-
formance was sffected positively—that is, performance rose from a low level tn a higher
levei. Howeve~, APC detection performance showed no significant variation as the
environment changed from s road to a field enviroament. That is, detection performance
for this vehicle remained at essentizlly the same ievel under both road and field
conditions. This set of findings indicates that, for the vehicles studied, detection per-
formance was optimized on the road course when detection took place from the ieep,
while performwice was optimized for the fiekd courses when detection took place from
= tank.

H

Human Factors Data Analysis—Course No. 1

Seventy-two men produced z tota! of 592 deiections a2t 5 mph, a~d 316 detections

at 15 mph. Of these 541 (91.4%) of the 3 mph detections and 304 (96.2%) of the
13 mph detections were tru. detections. The remzining 53 (8.6%) of the 5 mph detec-
tions and 12 (3.8%) of the 15 mph detections were {alse deteclions—that is, a device was
i said to be present when nc device was actuaily there. At each speed. each man had an
= opportunity to detect 20 devices. The average number of detections at 5 mph was
3 7.5 devices {SD = 2.9), while the average number of detections at 15 mph was 4.2 devices
(SD = 2.5). The average detection rate for 5 mph was 37.6 percent {SD = 14.7), while the
E average detection rate for 15 mph was 21.1 percent (SD = 13.2).
&S Tatle XXXIX presents detection performance (average percent detecied) for each
; vehicilae/speed combination studied. Analysis of variance showed that the differences
among vehicles, as well as the differences between speeds, were significant (F =12.8,
A df =2,69, p< .01; and F=96.3, df = 1,69, p < .01, respectively). The vehicie X speed
interacticn was also significant {F = 4.2, df = 2,63, p < 05).
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: Tabte XXXIX

Average Percent Detected and Standard Deviation for
Eazh Vehicular Spesd

5 mph 15 mph
Vehicular Condition X SO X G
Jeep (MA151) 477 122 250 138
Armored personnel carrier (M113) B0 ic8 246 122
Tank (V48 or ME0) 300 151 134 103
Total 376 147 21.1 132

Inspection of the interaction showed that as speed was increased from 5 to 15 mph,
both jeep detection performance (which was highest at 5 mph) and tank detection
pefoumance (which was lowest at 5mph) dropped at & faster rate than did APC
detection performance (which was between jeep and tank detection performance at
5 mph). This result indicat~s that while increased speed adversely afiected detection
performance for all vehicles, it had less of an adverse effect from the APC on
E Course No. 1.

Figur. 11 shows detection performance as a function of the relative location of
devices on the road course for each type of vehicle studied. Analysis of variance showed

O o e 01 4 S SN S e A

Average Percent Detection as a Function of Relative Location of
Devices on Road for Each Type of Vehicle Studied
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that the interaction between vehicle type and device location was significant (F = 4.6,
df=4,138, p<.01). Also, the vehicle and location main effects were significant
(F=13.6. df=2,69, p<.01; and F =413, df=2,138, p .01, respectively). Inspection

of this interaction showed that (a) for both the jeep and APC, detection performance wus .
higher for devices in the middle of the road, than for devices on either the left or right

side of the road; and (b) for the tank, detection performance became progressively better

as device location shifted from the left through the middle io the right side of the road.

Thus, device location also was an important factor affecting the performance of the
detection task in Course No. 1.

Analysis of variance of the percent detection for on-and-off road devices {Table XL)
for both the 5 and 15 mph speeds revealed that only the vehicle main effects were
significant. The significant vehicle main effects reflect the initial finding for thic course:
Jeep detection performance was best, APC detection performance second best, und tank
detection performance least. The nonsignificant road location main effect indicated that
the detection retes for on-voad and off-road devices were not significantly different. This
finding suggests that for the road course the off/on road device location was not a factor
influencing device detection performance.

",

Tatle XL

Analysis of Variance of Detection Rate as a Functien of the
On-Road/Off-Road Device Location and Vehicular Type for 5 and 15 mph Speed

Speed ‘ Source T af ] \MS I F ! p
5 mph Between Subjects
Vehicle {V} 2 183835 54 <01
Error (Subjects x Groups) 69 3383
Véithin Subjects
On-0Off road location (L) ] 39.1 <1 NS
VxiL 2 11554 18 NS
Error (L x Subjects wittvn groups) e 6409
15 mph Between Subjects
Vehicle {V) 2 24558 8.4 <01
Error (Subjects x Groups) 69 2609
Within Subjecis
On-Off road location {L) 1 2127 <a NS
VxL 2 716 <1 NS
Error (L x Subjects withun groups) 69 68

The average detection distance for each vehicle condition for on-road and off-road
devices is presented in Table XLI. A tiest for the differences betiween the on-road/
ofi-road means for each vehicular condition showed that the differences were significant.
Inspectior. of these ! ratios indicated that the averzge detection distance for on-road
devices was less than for off-road devices. This rosult suggests that visibility was an
important factor in the detection of devices on the road since it was necessary for
observers to get closer to the on-road devices than the off-road devices for detection
to occur.
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3 = Table XL 5
. & ‘

% Average Detection Distance, Stancard Deviation, and ¢ Ratio for Each Vehicular 3

4 . Condition for On-Road and Off-Road Devices 3

3 & (Meters)

3 =

& Type of Vehic! %
: ' —

§ | e APC Tank 4
3 § Device Locztun X D X ) b £0 2|
- g On-Road 12.1 £3 130 4.4 124 37 g
5 Ofi-Road 14.1 40 166 41 17 42
iﬁf ¢ 3.23 591 75 2
E % df 348 2e4 pis] 2

4 § §

E Human Factors Data Analysis—Course No. 2 3

f.;:‘ Seventy-two men produced a total of 891 Jetections on Course No 2. Of these, 890

z z (39.9%) were true detections, and one (0.1%) was a false detection. On this course each 3
: § man had an opportunity to detect 32devices. The average number of detections

E S preduced per man was 12.36 (SD =5.2). The average detection rate was 38.6 percent E
E £ (SD = 16.4%).

< ?fi Testing for this course was also accomplished under three separate vehicular con- E

4 g ditions (jeen, APC, and tank), with each condition being represented by 24 observers. E
b % Table XLII presents detection performance {average percent detected) for each of these E

A 4 conditions. Detection performance was best when the men observed from the tank,

E & second best from the APC, and least from the jeep (F =9.09, df = 2,69, p < .G1). g
= ¥ 3
E i:‘: Table XLIi §
g Average Percent Detected ard Standard i

3 14 Deviation for Each Vehicular Condition E
2 g Studied on Course No. 2 %
S Target Detection e
E ;; Type of Vehxle X } SO g;
i Jeep 232 116 3
3 : APC 39.4 149 :

Tank 473 17.2 3

E. Course No. 2 was laid out so that half the mines were on the left side of the west
lane through the minefield. and half on the right side. Figure 12 presents the average
= deiection performance for these two sections of the course for each vehicular condition.
E Anaiysis of variance indicated that the interaction between vehicle corndition and
left/right device location was sigmificant (F=3.79, df =2.69, p < 095). For the jeep i
cendition, average detection performance was better on the right nalf of the course thzn
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Figure 12

on the left half. The opposite was true for the APC and tank conditions. That is, average
performance was better on the left half of the courze than on the right half. This result
irdicates that device location and the type of vehicle from which the detection task is
performed raay interact to influetnce where, in an observer’s field of view, detection
proficiency wili be highest.

Figure 13 presents the average detection performance for each vehicular condition as
a function of observer-todevice range for both the left and right halves of Course No. 2.
Analysis of variance of the data for the right half of the course indicated that the main
effects of vehicle type and observer-todevice range were significant (F = 488, =2, 65,
p<.01; ard F =379, df = 3. 207, p < .01, respectively) but that the interact.on was not
significant (F = < 1, df = §, 207, NS).

tor the right half of the course, for aii vehicles (see Figur> 13) as observer-to-device
range incressed, the average perceni detection first showed a light increase from
2.5 metess to 7.5 meters and they. a decrease {rom 7.5 meters on out Analysis of variance
of the data frem the left half of the course also produced 2 signifivant vehicle type and
observciiodevice main effects (F = 10.63, df = 2,69, p < .01: F=2052, df =3, 207,
p < .01) as well as a significant interaction of the main effects (F=2.72. df = 6, 207,
p < .03). For the left haif of the course {cee Figurc 13j. the average detectiorn rate
shewed a slight rise and then 2 drop for the jeep and APC conditions, while for the tank
~ondition there was a drop and then a rise in the average detection rale as observer-
to-device range increased.

These findings show that on Course No. 2 the observer-to-device range played a
significant role in the detectability of devices. This finding reflects the fact that for an
object of a given size, and as the distan 2 irom the object to the observer increases. its
apparent sizo, and, hence, Getectability decrease.
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Average Percsr.t Detection as a Function of Ohserver-to-Device Range

for Left and Right Haives of Course No. 2
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Human Factors Data Analysis—Course No. 3

LA TR RIS

Seventy-two men produced a total of 2282 detections on Course No. 3. Of these,
- 2274 (99.6%) were true detections, while the remaining 9 (.4%) were false detections. On
this course each man had an opportunity to detect 90 devices. The average numbder
detected per man was 31.6 devices (SD = 14.2). The avercge detection rate per man vns
&5.1 percent (SD = 15.8).

As was true for the other courses, testing was accomplished under three separate
~sular conditions (jeep, APC. and tank), with each condition being represented by
obsarvers. Table XLIII presents the detection performance (average percent det:cted)

tor each of these conrditions. Detection performance was best when the men observed
from the tank, second best when they observed from the APC, and lowest when they
observesd rom the jeep (F = 3.94, df = 2,69, p < .05).
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Table XLIH

* Average Percent Detected arid Standard

: Deviation for Each Vehicular Condition

3 Studied on Course No. 3

j Target Detection

";f Type of Vehicle X SO
E ’ Jeep 28.2 11.1

APC 36.8 139

Tonk 40.3 19.3

is finding is reflected when the detection performance for the two sizes of mines
employed in Task F—large (Teller and M15 with tilt rod) and small (POMZ and M16)—are
considered separately. For zach size of mine, detection performance was best when the
test was completed from a tank, second best when completed from an APC, and lowest
when completed from a jeep (F=4.2, df=2,69, p<.05). Further, the larger devices
were more detectable than the smaller devices (F = 85.07, df =1, 69, p < .01). This was
true for all vehicular conditions (see Figure 14).

Average Percent Detection for Each Vehicular Condition
as a Function of Size of Course No. 3 Mines
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Figure 14

Course No. 3 was laid out in such a way that a little over half (57.8%) of the mines
were to the left of the test lane, while the vemainder {42.2%) were to the right of the
test lane. Analysis of variance (see Table XLIV) indicated that, for both large mines (see
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Table XLIV

Analysis of Variance of Detection Rate as a Function of the
Left/Right Location and Vehizular Types for Large and Small Mines

Size of Mine Source of Varianze df MS f p
Large Between Subjects
Vehicle (V) 2 1669.8 3.2 .05
Error (Subjects x Groups} 69 525.0
Within Subjects
Left/R+3ht Course Location (L) 1 24739 1.7 0
VxL 2 236.7 21 NS
Error {L x Subjects Within Groups) 69 114.1
4 Smatl Between Subjects
: Vehicle (V) 2 2445.6 4.4 .05
E Error (Subjects x Groups) 69 552.7
: : Within Subjects
& Left/Right Course Lccation {L) 1 925.2 12.2 .01
; i VxL 2 476.9 6.3 .01
Error {L x Subjects Within Groups) 69 75.6

Figure 15) and small mines (see Figure 16), the detection rate was generally higher on the
right half of Course No. 3 than on the left half.

Figure 17 presents the average detection performance for large mines and Figure 18
for small mines, for each vehicular condition as a function of the observer-to-device
range, for both the left and right halves of the course. F tests (see Table XLV) showed
that for both halves of the course and for both large and small mines the effects of
observer-to-device range were significant. This means that as the observer-to-device range
increased, the average percent detections decreased for all vehicles. This result indicates
that, as was true on Course No. 2, the observer-to-device range is an important factor
influencing device detectability.

A piowed strip containing five buried mines was established within the main
minefield to study detection performance under this condition. Knowledge of the detec-
tion of mines employed in this manner is impcertant, since it is known that some foreign
armed forces employ machines that implant mines in plowed furrows. Sixty-sia (91.7%)
of the observers detected one or more of the mines buried in the plowed strip. Analysis
of variance indicated that the differences in the average percent detected among the three
vehicular conditions were ncnsignificant (F=< 1, df = 2,69, NS). The average percenrt
detected over all conditions was 60 percent (SD = 3.4). These results indicate that the
detection of a plowed strip is not particularly difficult, but that detection of mines
within the strip will average less than 100 percent.
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Detection of the Beginning and End of the
Course No. 2 and No. 3 Minefields

During the completion of Course No. 2 and No. 3, the observers were required to
incicate (a) when they initially detected the forward edge of the minefield, and (b) when
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Aszrage Percent Detection for Each Vehicular Condition
as a Function of Course No. 3 Location for Large Mines
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Average Percent Detection for Each Vehicular Condition
a3 a Function of Course No. 3 Location for Small Mines
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Average Percent Detection as a Function of Observer-to-Device Range
for Left and Right Halves of Course No. 3 for Large ines
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Fiaure 17

they thought they were out of the minefield. The location of the vehicle from which the
men observed at the time these observations were made was then recorded on the
score sheets,

For Course No. 2, 63 percent of the observers detected the forward edge of the
minefield prior to entry, while for Course No. 3, 97 percent detected the forward edge
prior to entering. Table XLVI presents the average distance of these observers from the
forward edge at the time of detection for each vehicular condition. Analysis of variance
indicated that for Course No. 2, the differences among vehicular conditions were not
significant (F = 1.64, df = 2, 42, NS).

However, for Course No. 2, analysis of variance indicated that the difterences amonrg
pre-entry detectinn distances were significant (F =10.74, df = 2,67, p < .05). A pairwise
multiple comparison test showed that the difference betweenn the mean pre-entry
detection distance was not significant for the jeep and tank condition. However, the
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Average Percent Detection as a Function of Qbserver-to-Device Range
for Left and Right Halves of Course No. 3 for Small Mines
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€
£
=
§ Table XLV
=3
g F Ratio for the Main Effect of Observer-to-Device Range for Large
g and Small Mines for Both Halves of Course No. 3
£
§ Size of Mine Half of the Course F jl dfs P
E
3
§ Large Right 112.03 2.138 < 01
: Large Left 137.37 2,138 <.01
: Smatl Right 62.27 2,138 <0
Small Left 81.16 2,138 <.0
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Table XL V!

Average Distance From the Forward Edge of the Mirefield at Detection
From Each Vehicular Condition for Course No. 2 and No. 3

deep APC Tank
Dis"~nce (meters) Distance {meters) Distance (meters)
Course N X sD N X sn N X sD
No. 2 12 7.2 4.2 21 5.1 4.6 12 5.0 34
No. 3 24 i3.6 37 2 6.2 45 24 10.2 6.2

differences between mean pre-entry distance for the jeep and APC, and for the tank and
APC werz found to be significant.

These results indicate that (a) the forward edge of the 1 .nefield on Course No. 2
was more lifficult to detect than the forward edge of the minefield on Course No. 3, and
(b) the type of vehicle from which the detection task was performed did rot affect the
magnitude of the pre-entry detection distance on Course No.2, while it did on
Course No. 3.

Finally, it was found tha: none of the observers in the study was able to detect the
end of the minefield on Course No. 2, and only 5.5 percent were able to detect the end
of the minefield on Course No. 3 prior to actually leaving the course. This result indicates
that the detection of the end of a minefield prior to exiting is a much more difficult tasi
than detecting the beginning of a minefield before entering it.

Relationship of Efiort Ratings to Detection Performance

During the completion of each detection cource, the evaluator observed the effort
the subjects appeared to expend. Each man was rated four times by an evaluator, using a
five-point scele: once each after the completion of Part A and Part B of Course No. 1,
once after the completion of Course No.2, and cnce after the completion of Course
No. 3. These ratings were then averaged to obtain an overail effort rating for all test
courses. In addition, for each observer a total detection score {uverage percentage cf
detections) was calculated by averaging the percentage of detections cbtained on each
test course. These two scores were then correlated with each other to determine for each
vehicular condition the predictability of the total detection score from knowledge of the
level of effort score. These correlations are presented in Table XLVII. All were significant

Table XKLV}

Relationship of Effort Ratings to
Average Detection Performance

Type af Vehicie From
wnicl. the Detection

Was Performed Coeralaticn daf p
Jeep 55 22 < .Gy
APC .66 22 <.
Tank 75 22 < 01
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at the .01 level and were from moderate to high in magnitude. This finding indicates that
the leve] of effort observers manifested during testing was predictive of their average
detection performance.

In addition, it can be observed that the magnitude of the correlation between
average effort and average detection performance appeared to improve as a function of
the oruer in which the data were collectea during the study. The study was run 25 that
jenp data were collected first, the APC data next, and the tank data last. Inspection of
Table XLVII indicates that the magnitude of the effort-detection correlation increased
from jeep condition to the tank condition. This result suggests that the evaluators may
have umproved in their proficiency at making effort evaluations as the study progressed.
Under these conditions, it would be expected that any true relationship between effort
and detection would improve due to the improved reliability in the effort ratings.
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Chapter 4

TASK G: POTENTIAL CHARACTERISTICS, AI'TITUDES, AND
ACQUIRED SKILLS IN MINE DETECTION

=

TR

YT

BACKGROUND

The purpose of Task G was to present the results of an additivnal analysis of data
from previously reported studies. A more ~omaplete description of that research (Tasks A
and B) is contained in HumRRO Technical Report 73-18.}

Basically, the previous work was focused or identifying appropriate selection and
training methods for human mine and boobytrap detection. In the completion of work
related to that purpose, a substantial number of possibie predictor measures were
identified, each of which had some promise for predicting mine and boobytrap detection
performance. A field mine and boobytrap detection course was constructed, to serve as a
criterion of detection performance. The predictor measures were validated against the
criterion of performance effectiveness through the use of stepwise regression procedures.
The multiple correlation obtained through the stepwise procedure proved to be highly
significant, reaching .74 in the fourth step which was significant beyond the .01 level
of confidence.

The predictor variables entering the first four steps were: (a)time taken during
search, (b)apparent effort expended during search (an evaluator rating), (c) civilian
education completed, and (d) activities participation index. The first three are self.
explanatory. The fourth is a measure of the number of adventuresome activities in which
the test subject had participated, one component of a HumRRO test from which it is
possible to derive an apparent measure of general and specific confidence of the
individual in his ability to overcome challenging situations (see Appendix A).

Following the report on the results of this study, a briefing at U.S. Army Materiel
Command {USAMC) Headquarters led to several questions conceming reliability of
individual scores, equivalence of scores obtained on different mine and boobytrap lanes,
equivalence of task posed oy various devices used, and theoretical significance of the
predictors found to be related to field performance. The focus was primarily on the
question of the reliability of detection perfonnance scores obtained from individual pairs
3 . of lanes, and on the wisdom of combining scores (numbers of detections for each of a
- : variety of devices) iato one total score to indicate performance
¢ To review, eight different mine and boobytrap detection lanes of 400 meters each
were developed for the first, and major, part of the test of fieid performance effec-
tiveness. Subjects were soldiers from the 197th Infantry Brigade at Fort Benuing,
available during the period of 12 March-5 April 1973. At the test s'te, subjects proceeded
3 individually through the lanes, observed and controlled by an experimenter. The course
3 traversed by an individual subject consisted of one pair of ianes, out of the total of four
3 possible puirs. The procedure required him to move outbound on an odd-numbered lane,
3 and return on an even-numbered lane. Thus, the total sanple of subjects was tested on
; what amounted to fcur parallel forms of the same test. Each of tnese parallel forms was
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constructed according to the same rigorous guidelines for lane construction. A daily
check was made on detection rates for device types from one lane to another, tc ensure
that the lanes were of comparable difficuity.

However, even with these precautions, il is conceptually possible stiil to question
whether the lanes were, in fact, parallel forms. Also, it is conceptually possible to
guestion whether the delection of an above-surface device relies on the same basic

aptitudes and skills as deteciion of subsurface devices. The Task G analyses were designed
to answer these questions.

APPROACH TO THE PROBLEM

Seven different types of devices were avauzble for detection. Course | (the mine and
boobytrap course) had eight different lanes, with each subject tested on two of the eight
lanes. A record was maintained not only of each subject’s search time and rated effort,
but also of the devices he detected on the two lanes he traversed. These data permiited
the accomplishment of several reliability analyses.

In the first analysis, a separate score was obtained for each subject, for each kind of
device available for detection, for each lane. The resulting score matrix fer each device
type, then, consisted of 26 subjects each, with two exposures each, that is, one for odd
lanes and one for even lanes (1 and 2, 3 and 4, 5 and 6, 7 and 8). An odd-even reliability
analysis was conducted by correlating the subject’s detections of each type of device on
the odd-numbered lanes with his detections of the same type of device for even
numbered lanes. This analysis was designed to determine the extent to which the soldier’s
performance on one lane was the same as his performar.ce on the other. That finding
would lead to the conclusion that alternate lanes posed generally eguivalent requirernents,
and would permit the infeience that the lane construction guidelines were effective in
producing paraliel forms of the same test, and that all lanes probably were also equiva-
lent. As an additional step, the same type of reliability analysis was performed for total
detections, that is, the sums of the detections of the seven individual types of devives.

Construct validity analyses were also undertaken. As noted, it is possible to guestion
whether the skill requirements posed for one type of device are the same as those posed
for another. At least two reasons exist for raising this question: (a) The detection tasks
do appear to be conceptually different, and perhaps to require different scarch tech.
niques: (b) Bucklin’s studies with surface-laid munitions yielded somewhat different corre-
lations with predictors tnan the HumRRO study with cifferent types of munitions.

In the first type of construct validity study, the total number of detections obtained
by each subject for each type of device was correlated with the total number of
detections by that subject for each other type cf device. If the skills required for device
detection are specific to the device, the correlations hetween similar device t:'pes should
have been higher thai. the correlations between different device types. In order io
investigate these questions, two factor analyses or the predictor and criterion data
were performed.

As a second approach o investigating construct validity, the total number of
detections for each individi:.- pe of device was subjected to the same stepwise multiple
regression procedure used fu: total detections in the previous HumRRC study. This led
to a multiple correlation for each type of dewice, as opposed to total detections. This
analysis was designed to permit a determination not only of whother different aptitudes
enter ‘nto the detection skiils for the various devices, but also whether some types of
devices are essentially more predictable than other types.

Finally. a factor analysis was performed on the matriv of intercorrelations of the
variables used in the previous Task B study. In addition. + new mairix was developed
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which contained individual device detection scores and a factor analysis was performed
on that matrix as well.

RESULTS

Reliability Analyses

The primary results of the reliability analyses are shown in Table XL VIII. The first
four colu..as show odd-even correlations for the four adjacent pairs of lanes constituting
the course; one-fourth of the subjects were tested on each cf the four adjacent pairs.

Table XLViit
Odd/Even Lane Correlations for Individual Devices

Lznes® Total Odd/Even
Over All Lanes
1&2 3&4 5&6 7&8 and Subjects
Davice {N=26) {N-26) {N=26) {N~26) iNv104)P

M25 APM 47 35 04 38 34
M16 APM .35 .36 22 26 .25
Schumine 31 37 43 56 33
Grenade tripwire .30 49 12 42 32
Claymore .14 49 .30 .39 27
105mn round .39 52 24 .25 .26
DH10 {Russian Claymore) -.09 00* 08 0 08
Yotat 62 .79 .53 61 63
Total correctad® 77 88 69 76 37

*For N = 26, a Lorretation of .32 oc kigher [positive or negazive) wet signiticant, 5 < .05: or higher. 0 < 01,

BEor N = 104. 2 correlation of .19 or hugher was signif.cant, p << 05, .25, 2 < 01,

€0n one lane, 31l CH10 desxces were detected by 3!l subects. The varunce on this lzne therafare was zero,
and the correlation aiso had 10 be zerd,

CReftects applxcation ot Speerman-Brown tormula 10 estrmate restatehity of a 1013l based on correlation of
two hatves of the total

Examination of the correlations shows several interesting findings. First, the fre
quencies with which individual device tyvpes were detected across odd and even lanes were
not highly correlated. Most of the correlations for specific device types ranged from
approximately .2 ‘o spproximately .5, with the exception of the correlations involving
the DH10. Those correiations were generally quite low. and unac-eptabiy so (A check of
the raw scores provided the expianation. There were very few failures to detect the DH10
devices. Thus, the variance was iow—less than 25 percent of the size of the next lowest
variance—and the correlations involving DH10 devices had to be low as a consequence.)

The fact that the individual device reiiabilities were as low as they were suggests that
caution must be exercised in their use. This does not prohibit the use of group means fuz
individual devices in order to estimate probability of detection under the conditions of
thic experiment. However, the reliability of a single inoividual’s score is probably too low
for all but the most cautious further use. This, of course, applies particularly to
frequency of detection of the DH1G6.
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Where total scores were concerned, however, the findings do not imply a need for
such caution. The next-to-last row of Table XLVIII shows correlations between a sub-
ject’s total score for the odd lane of a pair, and his total score for the even lane of that
pair. With one exception, these correlations are all of very acceptable magnitude. All are
significant beyond the .01 level of confidence, and four of the five exceed .6. The last
row of the table shows the results of applying the Spearman-Brown General Prophecy
Formula to ectimate the reliabiiity of each subject’s tota! <core, based on the correlation
between the two halves of the total. As can be seen, the lowest is .63 while the highest is
.88. The conventional lower limit of acceptability for reliability of a test, where that test
is to be used to measure individual performance, is .70. Thus, even the worst of the five
pairs of lanes yielded a reliability quite close to that level of magnitude, while the
remaining four exceeded it. This suggests that the reliability of tota: scores was quite
zdequate for the purpose for which they were used in the previous study, that is, as 2
criterion of mine and boobytrap detection performance in order to validate possible
predictors of that performance skiil.

Construct Validity Analyses

Two kinds o. construct validity analyses were conducted. The first consisted of two
factor analyses of a matrix of interccrrelations from the variables of the preceding study.
The second consisted of stepwise multiple regression aralyses.

Factor Analyses. The first factor analysis is shown in Table XLIX; the input
variables consisted of the battery of predictor scores, together with totai detections. The
factor analysis model] was a principal components solution with a varimax rotation.

Table XLIX

Factor Analysis of Predictor Variables and
Major Criterion Variable (Total Number of Detectionsj
Studied in Project IDENTIFY

} Facwor

Variabie® i u m v iﬁ v
Race -.61 .13 a3 -.17 12
Information Extraction 60 190 -.02 ki H] - 57
Embedded Figures 52 .i8 -.10 .16 04
Total Kriowledge Score 45 10 08 05 -.06
Incompiete Objxcis 44 -0 RES 01 06
Mansfzst Anxiety - .41 -.i0 ) 06 -20
Search Time 08 72 - G5 - 05 -.10
Effort Expended in Search A3 64 - 06 02 01
Total Detection .10 79 04 -00 3
Heght 01 07 .68 11 L5
Waight -08 - .04 .63 04 10
Confidence Index 45 14 14 50 .08
Despair Index .15 04 .03 75 17
Age -.14 o1 G} 05 A4
Visual Acuny - 08 (8 -0t .1 - 41
Team Orientation: A3 05 04 14 A0

2Uniess 2 varrable toaded 3t feast 3z tugh x40 on at least 0ne f3ctor, it was orTutted from the histing
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Five meaningful factors emerged from this analysis, and are shown in
Table XLIX. (Variables which did not load above .4 on at least one factor were excluded
from this table.) Examination of this table showed several interesting results.

Factor I, defineé by the first six variables in the t2ble, consisted of test-taking
skills. That is, with the exception of race, the five remazining variables which defined the
factor were paper-and-pencil test measures. Significantly, the criterion—total number of
detections—did not ioad on this factor and the test measures did not load on Factor II,
which contained the criterion. The suggestion is that paper-and-pencil test measures
depended on performance skills which were simply different from those required to
detect mines and byobytraps.

Factor 1l was defined by three variables: the criterion, search time, ancd effort.
Both search time and effort were highly correlated with the total number of detections.
Interestingly, no other variable in the table loaded on this facter. and these variables
themselves did not load on any other factor.

Factor Il was defied by height and weight, two physical variables whicn
appeared not to be related to any other factor and which were not related to detec-
tion proficiency.

Factor IV was defined by two measures from one test, which purports tn
measure tne individual’s confidence in hiz ability to perform activities that are adventure-
some and challenging. The confidence index alse ioaded on the test-taking factor.

Finally, Factor V was essentially a miscellaneous one de‘ined by age, visual
acuity, and team task motivation. While the three loadings were greater than or equal to
.40, this factar was not thought to be particularly meaningful.

The most striking observation from the table is that the critericn measure,
together with search time and effort. consittuted a relatively independent factor, not
relatec te the paper-and-pencil measures. This suggests that previously Gbtained correla.
tions of paper-and-penci! measures with mine and boobytrap detecticn performance may
essentialiy be sourious.

These factor analysis results gave ample evidence of the lack of relationship

between the paper-and-pencil predictor tests and detection performance. Given that
general finding, it seemed useful to perform one additional {actor-analytic study of the
data, to determine whether tiie indwvidual types of devices themselves would all load on
tae same factor. It appeared entirely possibie that they might not. and that such a study
would provide insights into possible differential abilities requived for detection of
different type devices.
E : Tne results of the principal compnnents factor analysis with varimax rotation ave
3 shown in Table L. The factor structure is similar to the preceding one, but with some
2 . significant differences. The first factor in Table L is a detection skills factor. This factor
& probably emerged first, instead of the test-taking factor. because of the inclusion of
: individual scores for the various devices detected. 1a this table, loadings of .50 and above
: : are enclosed with 2 solid box to facilitate identification, and loadings of .40 to .49,
inciusive, are enclosed in dashed boxes.

Examination of the loadings for Factor ! showed the totai score lcading heavily
E on this factor, together with time and ef{ort. Interestingly. detections for the M25, the
M16, and the Schumine also loaded strongly on this factor. Interestingly. too. the
4 remaining devices loaded considerably less strongly. suggesting that. 2t least to some
extent. the underlving skills involved in detecting them are different from the first three
devices listed, which are ail subsurfece devices.

The second factor was a test-taking factor, essemUally the same as the one
described for the preceding facior analysic.

ractor {Il zains meaning. however, {rom the inclusion of indivdual device
> detection scores. s belfore, the highest loadings 2re heRiit and weight. These two
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Table L

Factor Analysis of All Predictor and Criterion Variables
Studied in Project IDENTIFY

Varable

M P T N " T S )
SN me N =6

N
No

Lo~ e wN

RRVR

Age

Height

Weight

Civilian Education
Visua! Acuity

Years of Smcking
Dogmatiem {Opinions)
tdanifest Anxiety

Team OQrientation (Motivation) 038

Totzi Know'edge Score
Embedded Figures
information Extraction
incomplete Objects
Background Confdence
Background Despair
Coursc ! Search Time
Race

Effort Expended n Search
Search Technque

8425 Datections

16 Gerzcions
Schum:re

Grenade Tripuire
Clzymore

105mm Round

DH10

Total Detecton

Fartor
1 [}] 111 v v
Seel/Above-
Test Ground (Confidencef] Group
Detction Tekeg Devacss Despaer Ocientation
-01 -.18 5 3 [&]
o1 03 73 13 10
-3 -06 64 05 2
23 -.i¢ 09 -34 a1
3 - 06 - 01 18 ;-53}
- 05 03 -3 57 ] o
- 06 - 26 -1 T&7T . -24
-0 a9 22 10 -29
42 09 .19 [ 55]
07 _5—8‘ 15 - 01 -03
19 567  -.12 22 03
10 el 00 08 -13
- 06 56| 06 - 04 17
K . 51] 25 54 ] 06
08 38 25 24 12
{741 £1 o1 - 08 -8
R {-s8l .10 - 16 -.14
166 ] 16 09 -04 - 05
-.10 10 37 -25 - 07
70 - 04 15 06 o7
70 o1 - a8 23
{ 69 ) 08 -.19 18 0%
Tan 29 a7 27 12
[®1 -o¢ [Ta27 -25 - 00
Ls2 02 I 15 1)
BRSP4
[ss5] 09 00 - 04 13
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variables define the factor. However, the Claymore, the 105mm round, and the DH10 all
load higher thun .40 on this factor. Further, search technique (Variable 19) loads .37 on
this factor—higher on this than on any other single factor. Its low loading probubly
reflects low variance in search scores. However, this factor might be interpreted as
suggesting that search technique may be related to an individual’s size (probably his
height), and that it may be associated with detection of above-ground devices to a
considerably greater extent than for subsurface devices. Further, the tendency of the
4 Claymore, the 105, and the DH10 to load on this factor confirmed that detection of
these devices probably depended, at least to some extent, on a somewhat more complex
search tecknique than the subsurface devices.

The remaining two factors were quite similar to Factors IV and V identified in
the previons analysis, except that two additional variables load on Factor IV,

Scnre substantiation of the partial independence of device types is gained from
examination of Table LI, which identifies the major detection clue reported by subjects
at the time of device detection. Color, texture, and shape generally were dominapr  ‘“ues.
However, the number of dete. ‘on clues reported differed from one type of dev. ¢ to

another, conditioned in part by different detection frequencies and by different numbers
of devices to be detected in the course.

Pk

Table Li
Number of Times Each Detection Clue Was Reported Used on Lourse |

: e S
TR L2 DU IR e e oty s ~%mgwm?&%@»ma "f,‘i;m“ “;;‘,m*s

| Hand |
Grenade 105mm
Detection Clue? M25 M16 l Schumine | Triowire Claymore Round DH1C
Color 137 151 195 92 121 91 55
Camoufiage 8 28 29 4 22 15 22
Vegetation 0 0 3 V] 0 0 1
Soil C 0 0 0 v} 0 0
Size 0 0 0 0 / 7 11
Shaoe 12 34 33 10 65 149 96
Texture 118 123 72 227 45 26 11
Total 275 336 332 333 260 308 197

AFor some devices, multiple clues were repuried for detection e g.. 2 Schumine detection may have been based
on variation «n hoth color and camouflage).

Table LIl shows each of the raw fiequencies of Table L1 converted into a
percentage. Examination of this table shows streng confirmation for the findings derived
from examination of the second {actor analysis. Color was the dominant clue for the
M25, the M16, and the Schumine. It was also the dominant clue “ar the Claymore. While
occurring in significant frequency for each of the remaining three devices, it was less
domin { 25 a clue .nan shape (for the 105mm round and the DH10) and texture (for
the hana grenade tripwire). Texture was a strong secondary clue for the M25 any the
M16, and a meoder: *»ly strong clue for the Schumine.

Taken together with the results of the second factor analysis, it is quite
interesting that the three devices for which shape was an important detection clue are the
same three devices which ioaded on Factor [11. By the same token, the three devices
loading most nrighly on Factorl were charactetized by a predominance of color clues,
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Table LI}

Percent of Report of Detection Ciue by Device on Course |

Hand
Grenade 105mm
Detection Clue M25 M16 Schumine Tripwire Claymore Round DHI0
Color 50 45 59 28 47 36 28
Camouflage 3 8 9 1 8 5 1
Vegetation 0 c 1 0 0 0 1
Sosl 0 0 0 0 0 0 0
Size 0 0 0 0 3 9 6
Shape 4 10 10 3 25 48 49
Texture 43 37 22 68 17 8 6

foilowed by a relativc.y strong secondary contribution of texture clues. These resuits
again strongly suggest the operation of two different kinds of processes.

Tables LIIT and LIV show a similar breakout of errors in placement reported
by device. Inadequate camouflage was the predominant clue for all devices except the
hand grenade tripwire, for which exposure of the triggering device was the predominant
error. It should be noted also that a substantial number of subjects reported anticipating
a detecticn as a consequence of “‘tactical conditions.”

While examination of errors in placement is of interest in itself, systematic
variations between devices of the sort found in Tables L1 and LIl are not apparent.

One final bit of evidence confirming that different detection tasks were
presenied by the different detection devices is shown in Table LV. In the matrix of

Table LI

Number of Errors in Placement Leading to D~tection

=z TR LT e Er ey S e —
=" st S A e e S £ o xf;@‘g}:ﬁ‘f},ﬁAa,_ (3~

] ; Hand
; ' Grenade 105mm
Errors in Plecemant M25 M6 ‘ Sehumine Tripwire Claymaore Round oH10
tnadequate
Camouflage 17 28 31 4 32 28 20
FailLrz to Renew
Camouflage 0 3 0 0 0 0 0
Continued Use of
Same Techmique o 0 0 0 0 0 0
Disturbed Soit N 0 1 G o 0 0
Oisturbed Veqgetation 1 ] 4 0 0 2 !
M'BT Exposed 0 5 3 26 Z 1 i
Tripping Device
Exposed 2 27 1 448 0 4 !
Anticipated by
Tacucal Conditions ] 18 10 15 V7 6 8
fota’ 28 88 50 493 51 41 3

o —
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Table LIV

Percent of Errors in Pizcement Leading to Detection

q Hand

E Grenade 105mm

% Errors in Placement M25 M16 Schumine Tripwire ; Claymore Rouad DHY0

£ tnadequate Cover 61 32 62 1 63 68 o5

£ Failure to Renew

E Cover ] 1 0 0 0 0 0

£ Continued Use of

3 Same Technique 0 0 0 0 0 ) 0
Disturbed Soit 0 0 2 0 0 o ¢

1 Disturbed Vegetation 4 10 8 e 0 5 3

1 M/BT Exposed 0 6 6 5 4 2 3
Triggering Device

- Exposed 7 AN 2 91 G 10 3

: Anticipated by

£ Tactical Conditions 29 20 20 3 33 15 28

: intercorrelations shown there, each subj.ct’s scores for each type of device, together with
. the iotal, are included in three ways: " is score on the codd-numbered lane, his score on
the even-numbered lane, and his total score combining hoth lanes. Sets of lines have beenr
: included in the matrix to make il easier to identify salient elements.

: The prircipal observation to be made from the mairix is that correlations are
z higher among ciusters formed by MZ5s, x16s, and Schumines, on the one hand, and
: Claymores, 105mm rounds, and DH10s, on the other hand. Conversely, correlation,
: among these types of devices and device types outside their clusters tend to be iuwer.

Four sets of clusters may be inspected in the table for this observation. Three iall along

the diagonal of the matrix, and consist of triangular subsets of correlations, each of
which contains two smaller triangles with three contained correlatiuns. Starting from the
upper left, the first major subset contains correlations among devices on odd lanes only.
The sec. ad subset contains intercorrelations among devices in even lanes onlv. Finally,
the third subset contains total scores, with odd and even lanes combined.

The primary exception to the tendency for correiations within the small
triangles to be larger than those outside them occurs in the case of the DH10 on
vven-iumbered lanes, As was explainesd varlicr, the number of failures to detect was so
small that correlations with the DHI0 were virtually eliminated.

The final subset of correlations apjears in the rectangie outlined below the
diagonal of the table, containing correlaticns between devices in even lanes und ‘heir
counterparis in odd lanes. Again, there iz - substantial tendency for correlations within
the iwz clusters to be higher than cerrelations outside the clusters, with tne exception of
those involving ihe DH10.

Stepwise  Multiple  Hegression Analyses. Giver, that different underiying skills
appeared to be accounting for detections in the cluster of subsurface devices as opposed
to above-surface davices, stepwise muitiple correlations were run for individual device
detections, paralieling the stepwise regression obtained on tetal scores and reported in the
previous report. 1c was expected at the outset that different primary predictors might
emerge for the different devices Table LVI contain: * summary of the stepwise multiple
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Stepwise Multiple Correlations for Individual Device Detections

cmmes abe ot
oz

and Total Scores
Regression Simple Mulugle
woeificient | Correlation | Correlation
Device Variable (8} {r} {R} F.Rauo _
M-25 1. Course | Search Time .46 .47 47 28.41
2. GED Tests Completed -.23 -17 .50 16.56
3. Frequency of Activities .16 .09 52 12.09
4. Knowledge of Mine Fields -.15 -.16 .54 9.93
5. High Scheol Graduation 18 09 55 8.67
8. Age -.12 -1 .57 7.62
Mi6 1. Effort Expended in Search .30 41 41 20.37
2. Civilian Education Completed .26 .28 47 14.38
3. Years of Smoking 21 12 .52 12.16
4. Course | Search Time .24 .40 .56 1.1
5. Know! -ige of Detection Means A7 .18 57 9.52
6. Know/ledge of Mines and Boobytraps -.14 .00 .59 8.46
Schumine 1. Course i Search Time .30 A3 44 23.79
2. Effort Expended in Search 24 .39 48 15.12
3. Embedded Figures 09 .20 Ag 10.58
4. Visual Acuity - 09 -.05 50 8.20
5. Years of Smoking 08 07 50 6.71
6. Weight -.07 ~.11 51 5.67
Grenade 1. effort Expended in Searcl. .24 .37 37 16.62
2 Manifest Anxiety - 22 30 .45 12.70
3. Courte | Search Time .18 32 A7 9.53
4. Weight .14 A2 49 7.95
5. Incomplzte Objects 11 A7 5i 6.77
6. Civilian Education Completed .09 14 51 5.83
Claymore 1. Course ! Seaich Time 23 35 .35 14.48
2. High School Graduation .15 31 .45 13.15
3. EHort Expended in Scarch 24 .38 .50 11.08
4 Manifest Anxiety .16 A6 .52 900
5. Dogmatism (Opinions) -.14 -.17 .54 7.87
6. Cwilian Education Complete¢ 16 33 55 7.01
1G5mm 1. Cours= | Search Time .25 .30 .30 9.50
2. Cwihan Educatior Completed .15 24 .36 7.55
3. Height .20 .19 A1 6.71
4. Knowledge of Mines and & »obytraps 14 A 44 5.83
5. Years of Smoking - 15 - 19 .47 5.44
6. Frequency of Acti fies 16 a3 A9 5.12
{"H10 1. Course | Search Time 29 35 35 14.17
2. Heght 19 20 40 9.67
3. Incompiete Objects - ig - 19 44 8.13
3. Effert Expraded in Search 15 .28 .46 6.74
H. Knuwledge of Mines and Boobytraps 12 - 07 .48 5.76
6. Background Despair €8 08 .48 492
e cme e {Continued) —
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Table LVI (Continued)
Stepwise Multipie Correlations for individual Device Detections

and Total Scores
Renaression Simpla Multipie

Coefficicnt | Correlation | Carrelation
Device Variable (B) {r) (R} F-Rauo
Total 1. Course | Search Time .46 62 .62 64.04
2. E¢fort Expended in Search .32 57 69 47.52
3. Civitian Education Completed .20 .28 72 36.67
4. Frequency of Activities A5 14 74 29.84
5. Dogmatism {Opinions) -.09 - 14 .75 24 87
6. Visual Acuity -.09 -.07 .75 2%1.12

regression analyses for each of the individual devices. All analyses were terminated at
Step 6.

Examination of the summaries for each of the individual devices showed 2
rather disappointing pattern. As might be expected f~~n. the relatively lower reliabilities
of the individual device detection scores (as oppo:ed to total score), the primary
contribution to the muitiple was obtained from th. first two variables, and sometimes
three. In all cases, either time or rated effort emerged as the primary predictor of device
detection frequency. This finding suggests that if different underlying abilities are
responsible for detection of subsurface and above-surface devices, the prediction battery
assembled for the previously reported study did not contain instruments for meas-
uring them.
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Chapter 5
DISCUSSION

PREDICTION OF DETECTION PERFORMANCE

Correlations between the individual differences assessed during testing and detection
proficiency for the film and field tests for Task D were all nonsignificant except for two
variables: search speed/course length (i.e., search time) and level of effort expended
during search. Factor analyses of the Task B and Task E individual difference and
detection proficiency data showed that search time and the effort ratings consistentiy
loaded on the same factor as performance measures of detection proficiency. Further,
these analyses indicated that conventicnal paper-and-pencil tests, at least to the extent
these tests were included in the Task B and Task E research, did not measure detection
performance. Finally, in Task F, the evaluator effort ratings were found to be signifi-
cantly correlated with vehicular detection performance.

In addition, the results of the muitiple regression analysis performed in Task E
indicated that the Task B predictor battery was not adequate for predicting detection
performance in the built-up area test environment. That is, tiis predictor battery did not
cross-validate frcm a field detection to a built-up area detection situation.

Several inferences can be drawn from these analvses. First, it seems unlikely that
fieid detection performance will be measured through the use of paper-and-pencil tests.
The skills involved in taking such tests appear simply to lie on a different dimension from
that on which lie the skills involved in detection of mines and boobytraps.

On the other hand, there is a consistent and large correlation between the time
spent in the detection task and the number of devices found. There is also very
substantial correlation between detection success and rated effort. \While the time
expended during search and the amount of effort the subject seems to be putting into it
are also highly correlated, they are not sufficiently correlated to permit the judgment
that time and effort are really the same underlying variable. To some extent, the rating
of effort apparently measures something different from the nieasure of time alone. The
fact that these two measures predict detection performance so well, and load on the
detection factor so highly, suggests the possibility that it might be necessary to construct
an entirely different kind of mode. to account for mine and boobytrap detec-
tion performance,

It seems as though this different model needs to be probabilistic, and perhaps needs
to build on the rescarch derived from studies of vigilance phenomena and information
rate processing models, rather than the more deterministic models that have been used
thus far. In a recently reported study, Teichner and Krebs' analyze research findings
from a number of investigators, and develop an information rate processing model to deai
with visual search for simple targets. While some of the conditions characterizing the
studiez reviewed by Teichner and Krebs are quite different rom those chavacterizing field
detection of mine and booby‘raps, there also 2re some surpmising similarities.

'Trichner, Warren H. and Krebs, Marjone J. “Visual Search for Simple Targets.”” Psychological
Bulictin, vol 81, no I, 1974, pp. 15 28,
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Perhaps the most basic deduction reached by Teichner and Krebs is that there is a
limiting vate at which information can be centrally processed by humans. While their data
do not address individual differences, it does appear that limiting rates can be established
on a group basis. Time required to detection on a group basis, therefore, becomes a
probabilistic function of the number (. stimulus elements to be detected, in relation to
the total number of stimulus elements in the array.

Clearly, field detection of mines and boobytraps ic quite a different matter from the
well-controlled kind of studies that can be conducted in lahoratories. The detection tasks
posed by paper-and-pencil tests, such as the Embedded Figures Test and the Information
Extraction Test, also pose a clear-cut, well-controlled kind of rate situation. By contrast,
the natural setting in which mines and bo»> ytraps are found is tremendously more
ciuttered with irrelevant stimuli, and the variability of background clutter is extremely
high. Further, tactics for concealment range from utilizing background clutter to attempts
at causing devices to blend into 2 homogeneous field.

While the kinds of studies used by Teichner and Krebs for their analysis thus differ
substantially from the kind of task posed in field detection of mines and boobytraps.
enough similarity remains to suggest that an infcrnination rate processing model might be
more suitable for conceptualizing mine and bocbytrap detection as well. The influence of
time in the present studies has been consistent and large. This suggests the possibility of a
rate limiting variable. Further, the rating of effort by experimenters could easily be
conceptualized as their impression of how close to his own rate the individual subject
appears to be trying to operate in the experimental situation.

Finally, Teichner and Krebs found at least some tentative suggestions that
“chunking” might be occurring with very high rates of infermation processing. That is,
once a plateau appeared in the processing of individual bits of information, subsequent
increases n processing rate, though tentative, suggested the possibility that the subjects
might have begun processing combinations of stimulus elements rather than indi-
vidual elements.

The focus of the IDENTIFY research has been on individual differences. It is
possible from these tentative speculations to infer where the individuai differences might
arise. First, it is entirely possible that information processing rate limits are different
from individual to individual. Second, it ic possible that some individuals are willing to
work harder—that is, to deal with information at rates closer to their own individual
limits, and for longer periods of time—than are other individuals. These persons weuid be
judged tc have higher motivation, and would probably be those indivicduals rated to have
exerted higher effort during field detection studies. Finally, it may be that *“chunking”
skills are a third source of individual differences. Since there is some evidence that
chunking skills are learned, this area of individual differences might Le the most useful to
exploit when training individuals to be mine and boobytrap delectors.

Anecdotal evidence from studies of mine and boobytrap detection tends to give
support te the inferences just discussed. Typically, especialiy with the detection settings
used in the present studies, the detection task itself is not difficult, in th2 sense that
some psychomotor tasks are diffizult. Instead, the stimulus element that sigmifies the
presence of the device generally is invisible to the searcher unti it suddenly becomes
visihle. That is {and there is no attempt to be facetious), he does not see that stimuius
element until he sees it, afier which time he easily sees i at any time he wishes. Thus,
seeing the stimulus element 1s not necessarily a difficult task, pernaps depending more on
the persistence of the individual at examining the stimulus elements in his environment
than on his ability to see them in and of themselves,
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HUMAN FACTORS DATA ANALYSIS

False Detections

Both in the IDENTIFY research described in this report and in the Task B research,
some false detections were produced by the soldiers. These represented only a small
percentage of the total number of detecticns in each operational environment studied. A
conclusion to be drawn is that subjects, in a test situation, apparently are not inclined to
make a response unless they are reasonably certain “something” is there to be detected.

Foot-Mobile Detection in a Field Environment

In Task D, the study of the detection process in a field environment by foct-mobvile
subjects, begun in Task B, was continued In contrast to the Task B results, detection rate
was not related tu levices' above-ground or below-ground location for the Task D mine
and boobytrap course. Comparison with the Task B results showed that this was due to
(a) above-ground devices in the present study having a lower detection rate, relative to
the Task B abova-ground devices, and {b) below-ground devices in the present study
haviag a higher detection rate, relative to the below-ground devices in Task B. It was
suggested that, becauss above-ground devices were made more difficuit to detect for the
present study, this resulted in the men orieniing more toward the ground during their
search. Clearly the detectability of above-ground and below-ground devices may be
affected by changes in the difficulty of either type of device.

The average detection distance, however, was found to vary as a function of the
device size. This was also true for the Task B research. This result suggests that a major
key in device detection is size: Given that an individual is looking in the *‘right
direction,” larger devices will be detected at a greater distance than will small devices.
Thus, one characteristic the optimal mine/boobytrap should possess is “smallness.”

It was found that for the small, on-path devices, detectability decreased with
increases in off-center distance. For those devices that did not intersect completely across
the path of advance, activation rate decreased also. The implication of these findings is
clear: Detection of small ground devices can be reduced by keeping them out of the path
center, but at the expense of reducing th=ir activation.

For devices located off the path, detection rate increased with increased off-center
distance. This was apparently due to the fact that the farther devices were larger than the
nearer devices. Thus, size appeared to be the controlling factor for this case. The resu.!
simply reinforces a prior statement: Larger devices are detected at longer distances and at
higher rates than smaller devices.

Detection rate was aiso found to increase as the terrai: . vegetation increased. It was
suggested that this result occurred because us the amount of vegetation increased, the
3 soldiers b2came more cautious °n their searching.

g ) In addition, it was found that the average detection distance for above-ground .
3 : devices appeared to decrease in terrain with vegetation, compared to terrain with litsie or

2 some vegetation. It was cuggested this w.s because long-distance discriminations are more

. difficult to make in complex terrains. The implication is clear: Placement of large devices

3 should be in terrain with vegetation, where detection distance is minimized.

- Finally, it was found that the grade of the detection cou-se appeared to affect the

detection rate. It was suggested that this was due to two factors: One was fatigue: the

3 other was the fact that on a decline, an individual's eyes are farther from the ground

than when he is on an incline or level grade. This suggests that when an individual is

searching on a decline he should crouch toward the ground to minimize the eve-to-

ground distanca.
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Analysis of detection clues during Task D showed that color and shape were
important factcrs in determining the detection of devices. Analysis of errors of device
placement indicated that inadequate camouflage was also important for the detection of
devices. These results paraliel those reported in the data reanalysis performed in Task G
This suggests that if devices are camouflaged so that color and shape are obscured, device
detectability will be reduced.

Foot-Mobile Detection in a Built-Up Area Environment

In Task E the study of the detection process in a2 built-up area environment by
foot-mobile subjects was initiated. Overall, the men were more likely to detect devices
than to miss or activate them. The average detection rate pe- man was 70.2 percernt.
Fu:ther, if subjects did not detect a device, they were more likely to miss than ic
activate it. However, this does not present the whole picture. Upon inspection of the
detection, miss, and activation rates of individual devices, it was found that devices could
be divided into two classes: those detected or missed, but seldom activated (84.1%): and
those detected or activated, but seldom or never missed (15.9%). Evaluation of the
devices in each category indicated that Detected/Missed devices were generaily emplaced
off the soldier’s direct line of advance. It would follow that these devices would be
uniikely to ba activated, assuming that care was taken not to disturb possible hiding areas
during the search process. For devices in the Detected/Activated category, evaluation
indicated these were generally emplaced across a soldier’s path so that their activation
was a very probable event if they were not detected and avoided.

Detection rate for each category of device appeared to depend upon different
variables. For Detected/Missed devices, rate was associated with the type of location in
which devices were placed, that is, whether they were hidden under (high rate) or inside
(low rate) objecis. For DetectedjActivated devices, rate was associated with level
of visibility.

For both types of devices, the primary detection clue was an exposed triggering
device. This was also the primary clue at each Cetection mate (low. medium, and high)
Taken .ogether these results indicate that (a)detecticn of Detected;Missed devices was
essentially based upon the subjects’ orienting in the direction of and traveling to objects
likely to hide a device, and discovering the device’s presence through observation of an
exposed triggering device; and (b) detection of Detected/Activated devices was based
up~:- the subiects’ noticing the exposed triggering device. In the latter case, orientation
was probably not important, since these devices were placed along the soldiers’ path.

It would be expected that for situations where the mzn had to orient toward and
travel to devices, average detection distance would have little importance in the detection
process. However, where visibility was a factor and crientation already essentially given, it
would be expected that distance would be a factor. The data tend to support this
conclusion. For Detected/Missed devices, average detection distance did not show any
indication of being associated witih average detection rate. For Detected/Activated
devices, this trend was evident, although not statistically significant.

Four categories of search techniques were assessed guring the cniterion test. The best
search technique was identified by looking at the average detection rate as a function of
the individual techniques defining each category. It vas determined that the most
successiul technique should consist of: {a) searching floor and fumiture alternately:
{b) searching all areas systematically: {c¢)searching on, in, and under fumiture; and
{d} using the sense of touch to supplement visual search.

Vehicular Dutection in a Field Environment

In Tesk F the study of the dewcuus proerss in a field environment by vehicular-
mounted troops was initiated. The results of Task F indicatea that it is possible to deiect
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hidden mines and boobytraps from a moving vehicle. However, the detection rate
obtained under these conditions was found to be a joint function of the type of vehicle
and the field environment in which the detection task was accomplished. It was found
for a road environment that the detection rate was highest when the men traveled in 3
jeep, and lowest whien they traveled in a tank. However, there was a reversal of this result
when the task was accomplished in a cross-country environment. That is, detection
performance from the tank was supenor to jeep detection performsnce in .he cross-
country environment. in both of these environments, however, detection performance
from a moving armored perscnne!l carrier was essentially at the same level; that is, for this
vehicle the detection rate was relatively unaffected by a change from a road to 2
cross<ountry environment.

These results suggest the following:

(J) When high vehicular detection rates are needed for a roud situation, che
detection task should be accomplished from a slow-moving jeep; when high detection
rates are needed in a cross-country situation, the task should be accoraplished from a
slow-moving tank.

(2) When there is a vehicular detection requirement that will involve both road
and cross-country travel, the armored personnel carrier should be us:d since detection
rate was essentially the same in both of these environments for this vehicle.

As implied above, there was a significant difference amoung the detection rates for
the three vehicles studied in the road environment; detection rate was highest from the
jeep, next highest from the APC, and lowest from the tank. Additionally, on the road
course, the detection rate was fcund to vary inversely with speed; that is, at a lower
speed the average detection rate was higher than at a faster speed, for all vehicles studied.
This finding indicates that for the best results vehicular detection should take place at
low (5 mph or less) speeds.

It was also found that device detection rate varied as a function of device location
and the type of vehicle from which subjects completed the detection task. Four the jeep
and APC conditions, detection performance was highest for devices in the center of the
road, while for the tank condition it was highest for devices on the right-hand side of ‘he
rcad and lower for devices on the left cr middle of the road. This result suggests that the
type of vehicle from which subiects detected devices influenced vshere they looked
for devices.

it was found that the -detection iate for on-road and cff-road devices did not differ
significantly, but the average ucistance at detection for these two classes of devices did
vary. Off-road devices were detected significantly farther away than on-road dev'ces. This
finding suggests that device visibility was a factor in the detection process on the road,
since ii was necessary for the men to get closer to the on-road devices than the off-road
devices for detection to occur at essentally the same level.

On Course No. 2 and Course No. 3 (the cross-country environments). detection
performance was best from the tank: detection performance from the APC was second
best, and detection performance from the jeep was last. Soldiers on these courses traveled
through the center of the courses at speeds of less than 5 mph. The detection rate
differed for devices on the left and right halves of the course. For Course No. 2 (hasty
minefield), detéction rate was highest for devices on the left half of the course for
detection from APC and tank, and mighest on the right half for detection from the jeep.
On Course No. 3 (deliberate minefield), detection rate was generally higher on the right
side of the course for hoth large and smail mines. These findings indicate that device
location is an importar! factor influencing the detection process @ a cross-country
situation, just as it was in the road situation.

On both cross-country courses, it was found that the obsener-to<levice range
significantly affected detection performance in an inverse manner That ig, the detection

-

4

APl AR U0 A i 2 RS O E R L e L AR SRR

'




rate tended to decrease as the observer-to-device range increased. This is an expected
result. For example, Caviness and Maxey' found a similar result for human targets
detected by stationary human observers. As iargei-observer distance increased, detection
rate decreased for these targets. This result is simply a reflection of the fact that for
objects of the same size, a; the physical distance hetween the object and observer is
increased, the object has arn optically smaller size and is less visible, and hence
less detectable.

On Course No. 3, it was found that large mines were detected at a higher rate than
small mines. This result reflects that for similar observer-to-target ranges, larger objects
are more visible than smaller objects, and hence are more detectabdle.

In a plowed strip containing five buried mines on Course No. 3, most of the subjects
ncticed one or more mines. However, the average detection rate was only 60 percent.
This finding indicates that detecticn of a plowed strip is not very difficult but that
detection of all mines in the strip will average less than 100 percent.

The men indicated when they detected the forward edge of the minefields on
Courses No. 2 and 3. It was found that the forward edge of the hasty minefield was more
difficult to detect than the forward edge of the deiilierate minefield. This result suggests
that the forward edge of the hasty minefield was less visible than the forward edge of the
deliberate minefield. That this was probably the case is reflected in the fact that the
average distance from the forward edge of the mirnafieid at detection was less for the
hasty minefield than the deliberate minefield for the tank and jeep. For the APC, the
average distance from the forward edge at deteclicn was essentially il1e same.

The importance of the differential difficalty of the detection of the forward edge of
the minefield was that, for the more difficult situation (hasty min. :d), observers in all
three types of vehicles detected the forward edge at essentially the same poimnt, while for
the less difficult situation (deliberat< minefield) men in the tank and jeep detected it
farther away than did the men in the APC. These results suggest that for situations where
a minefield’s forward edge is eicher relatively invisible or il-defined, detection of this
forward edge will occur clos: to the edge and at a low rate. For sitvations where the
forward edge is relatively visible or well defined, detection may occur far away from the
edge and at 2 high rate.

On both the cress-country courses, subjects indicated when they felt they were out
of the minefield. For both cnurses, they generally indicated they were out of the
minefield somewnaat after they had actually left. This result suggests that detecting the
end of a minefield prior to exiting is a2 much more difficult task than detecting the
peginning c{ a minefield prior to entering it.

€VALUATION OF THE FiLM SIMULATOR

The results of the Task D study reriicate those of Bucklin and Wilson to the exient
that statistically significant correlations were obtained between scores achieved on a test
of detection proficiency mvolving a prototype filin simulator, and scores ackieved oa
both surface.aid munitions and mine and boobytrap test courses. However, the magnt-
tudes of tine obtained correlations were less than (though not significantly different {rom)
the magnitude reported by Buckhn ard Wilson for a similar film/field correlation. It was
mentioned in the results that seversi facters may have contributed to the lower cor-ela-
tions found in the Task D study: differences ir subject population, differences in the

VCasines:, James A . Maxey, Jeffer~ L . and McPherson, James H Tamiet [¥etection and Rangs
Est:motion. HumRRO Techracal Report 72-34, November 1972
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films empleyed during testing, and differences in tht field test courses that
were evaluated.

Typically, the Picatinny Arsenal has employed relatively well educated troops in
their detection studies. In Bucklin and Wilson’s film/field study, the troops were s&ll
college graduates with engineering backgrounds. None had had any prior experience at a
detection task, except what they may have compieted in Basic Combat Training (BCT).
In contrast, HumRRO studies have employed less well educated troops (usually an
average of 10 years of education) who have little or no technicai training. None of these
men had any prior experience at a detection task either, except ~hat they received in
BCT/AIT. Thus, the basic differences in the two groups of subjects were the educational
and technical background of the troop populations sampled. I may be that better-
educated personnel are able tc profit more from » film training experience than less
well-educated personnel. If so, this cculd partially explain why the Picatinny Arsenai
study obtained a higher-magnitude correlation than the Taesk I study.

However, the differences in the films and field courses evaluated may have been the
biggest factor that impacted on the magnitude of the correlations obtained in the
Picatinny Arsenal and the Task D study. In the Picatinny study a single film and field
course was evaluated. There was a variety of the same items {or detection on the fiim
and field course: long and short cylinders either olive drab in color or covered with
leaves, grass, or peat moss. For both sets of detection scores, the distributions were
roughly symmetricsl. Thus, there was a variety of items available for detzction and no
apparent restriclion of range for either test score distribution. Therefore, conditions were
optimal for comrelating film and field test scores. Under these conditions, finding a
correlation of moderate magnitude between a film versicn of a field course and the field
course iwself would not be unexpected.

On the other hand, the conditions for the development of moderate-magnitude
correlations between film and field performance were not that optimal for the Tesk D
study. The film evaluated presented twe kinds of objects for de--ction: differently
colored discs (silver and olive drab) and long, olive drab cylinders. The distribution of the
scores from the film test was relatively symimetrical. The surface-laid munitions course
evaluated presented the same items as did the film. However, the distribution of scores
from this test was negatively skewed; that is, it tended to be very easy to complete.
Thus, {or the film/{ield correiation in this case. the conditions were not maximized for
the development of a2 moderate-magnitude correlation. This im.piies that the true value of
the significant correlation obtained was attenuated.

Perhaps, had the field test scores for the surface-laid munitions course teea more
syvmmetnical in distribution, a higher-magnitude correlation would have heen obtained.
This finding suggests that for future work in this area, the field test cozzesponding to the
film test be su...ciently difficult 1o provide a symmetrical distribut:on of test scores. This
was not possible in the Task D study since the filin courie was developed from a
pre-existing film course.

Tre mmne and heobytrap course evaluated presenied different and more variad items
than the film evaluated. Scores from this (&t had 4 relatively symmetrical distnibution, so

tistoad conditions were agequate for the development of moderate magnitude correla-
tions. The failure to find a moderate or high correlation betwern film and field
performance n this case, then, probably reflected differences in test items between the
surface-laid munitions and the mine and boobytrap courses. If this 15 true, it would be
expected that scores from a film versien of a mine and boobytrap course would have a
moderate {0 high correlation with scores from the actual field version.

The film sin ulator evaluated m the Tesk D study apneared to have himited value as a
traiming device, Soldiers wit  completed the field test after wewing the film did nc better
on the field test than tuse who did notl complete the film test prior to their field
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testing. The film presented an image that lacked depth, so it did not accurately simulate
the field detection situation. Also, some segments of the filin lacked the oplica! cianty
necessary for detection tasks of this type. It is believed that thic factor contributed to
the {ilm test being more difficult {X =14.5%) than the field test for the surface-laid
munitions course (X = 92.1%).

However, it is believed that some type of vistai presentation (eg., film or slide
picture procedure) could be developed that -~ould correct thes+ defects. A stereoscopic
color slide presentation, for exampl. ~otld provide an image with depth. Three-D films,
designed to be viewed with swereo jglasses, might also provide in image with depth.
Finally, with the «_cent state of the art in bholography, it is possible to project
threedimensioaed images. With the proper camera equipment and technique, clear and
natv—;y illuminated 'mages can be produved. Thus_ it appears that this 15 an area where
additional research could produce a valuable aid in the itmining of, and possibly even the
selection of, mine and boobytrap detectoers.

TASK. G DATA REANALYSIS

‘The reliability analvses of the Task B data suggested that indsvidual device detection
scores from individual lanes were not sufficiently reliable for use on an indmiduai basis,
That is. whether an individual did o: did not discover a mwven device on any given lane
appeared to be substantially influenced by chance factors. Further, the sums of his
individual device detections per iane scemed also to be excessively delermined by cheace
tor individual use. However, the total ol the device detections for cven lanes and the
total for odd lanes, when added together. give a sum which meets reliability cnitena that
are conventional for psychological test construction. Thus, it geems reascnable to con-
clude on the basis of the analyses performed that the total detetion scores reported in
the Task B study were sufficiently trustworthy as a critenon that they might be used
with confidence as a basis for validating predictors.

It seems reasonable to infer from these findings that quality of detectien perform-
ance is indeed a consistent attribute of the individual. There was some evidence,
mentioned i the resuits section of Chapter 4, that the apltudes and abihiies underlying
detection of abovesurface devices difier from those required 1o detect subsuriace devices.
Even so, detection skill was sufficiently consistent that high scores an one type of device
tended to be assoc:ated with high scores for other (ypes of devices as weil. This tendency
was not nearly as strong as was the tendency for detecting devices of 3 similar {vpe —that
15, all subsurface or all abovesuriace—butl 11 was present, nonetheless.

Two sets of ymphcations emerge. First, analvsis of the reliabilities «ugzgests that she
Tesk B Course | was probobly satisfactory for indadual use where total scores wers nused
as the cntenon of performance Further, the construct vabdity studies, sspecialy the
factor anzivsis studwes and the correlations cf total scores from odd to even lanes,
suggested that adpcent ijanes did, in fact, pose 2 relatvely sumilar task to subjects. The
mference 15 that all lanes dswd, since all fare: were comsructied using the <ame rngor-
ous guidelines.

Second., for possiple future studies wheremn it micht be desirable 10 study indiiudual
performance by type of device detected, st prolably wili be necesary to increase the
numhor of exposurts each individual has 20 each individual Jdevice type.

The rehabiitwes found mn the Tesk G study acted very much hike item reliabiiities on
a paperand-pencii test The reliability of 2 sirgle item on any mren test s relatively jow,
It 15 subject to both sampling and measarement errors. That 15, the spenific items on a
st are sampled from a2 populition of dems from the eatire domain whrh the test
purports to measure f a subpect can respond corredtly 1o T0 percent of the atems in that
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domain, the odds are seven to three that he wili respond correctly to any randomly
select~1 item from the popuiation of items. If by chance a given item has been seiected
from the 30 percent to which he cannot answer correctly, he will respond correctly to
that item only by chance. Even if the item has been selected from that part of the
domain which the subject knows, he may respond incorrectly because he does not
understand the item. This would be a type of measurement error.

It is probable that device locaticn in the mine and boobytrap lanes of the Task B
study carried error components analogous to those two described above. In conventional
tests, higher reliabilities are achieved through the inclusiors of more items. The analysis of
reliabilities from the Task B study suggests that reliability increases with an increasing
number of observations in the mine and boobytrap detection course, in a quite similar
way. In summary then, it appears that the Tasit B total score reliabilities were quite
satisfactory, meeting the conventional criteria for test reliability. Further, it appears the
reliabilities can be modified upward if desired by increasing the number of observations,
if high reliabilities are necessary.
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Chapter 6

CONCLUSIONS

Based on the results of analyses involving predictor and critericn data for both field
and buiit-up area detection situations, it was concluded that the detaction of minres and
boobytraps depends on underlying skills and processes that simply are not measird by
conventional paper-and-pencil tests, at least not by those emploved in the JDENTIFY
research. It was found that the predictors which consistently correlated with detection
performance were those obiained from within the situation iiself, that is, time expended
in search and apparent effort expended. These tindings suggested that it may be necessary
to account for mine and boobytrap detection performance hy a different model than has
been used thu; far. In particular, an information rate processing model with a mctiva-
ticnal component was suggested.
Data anulyses addressing the human factors involved in the detection of devices in a
variety of operational situations were also conducted. Over ali situations, false detections
continued to represent a very small percentage of the total detections produced by
the subjects.
For Task D, which studied the detection of mines and hoobytraps by foot-mobile
soldiers in a field environment, the following human factors information was developed:
(1) In contrast to the Task B results, deteciicn rate was not related to devices’
location above ground or below ground for the Task D mine and boobytrap
course (analysis suggested this was due te a change in the difficulty level of
above-ground devices from Task B to Task D). However, average detection
distance varied as a function of device size.
{2) Device detectability was related to the off-center distances fov the small,
on-path devices, as weil as for the large, off-path devices.
(3) Detection rate varied as a function of teriain vegetation.
(4) The grade of the detection course appeared to zffect the detection rate.
{8) Color and shape were important clues in determining the detection
of devices.
(6) Analysis of errors of placement irawated that inadequate camouflage was
important for detection of devices.
{7) With reference to search procedures employed by subjects, an area search/
footfall combinction achieved the best results.
For Task E, which dealt with the detection of mines and boobytraps by foot-mobile
soldiezs ir a built-up .rea environment. the following human factors information
was identified:
(1) Devices employed during the proficiency testing could be classified as:
(a) Those detected or missed, hut seldom or rever activated.
(b) Thaose detectea or activated. but seldom or never missed.

{2} Detection rate for each category of devices appeired to depend on dif-
ferent variables. For Detected/Missed devices, rate was asscciated with the
location of the devices, while for Detected/Activated devices, rate was

associated with level of visihility.
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(3) A search technique for built-up area datection was identified from the
techniques employed by the subjects. This consisted of:
(a) Searching floor and furmiture aiternately,
{b) Searching all areas systematically.

Y ¥
Rt SN A

%, (¢) Searching on, in, and under furniture.

& (d) Using the sense of touch to supplement visual search.

£ For Task F, which dealt with the detection of mines and boobytraps by vehicular-
% mounted troops in a field environment, the following human factors information
was identified:

(1) The detection rates oblained by mounted troops in field areas depend
jointly upon the type of vehicle from which detection occurs and the type
of environment through which the vehicle is traveling.

{2) The detection rates obtained from a moving vehicle will vary inversely with
the speed of the vehicle.

(3) The iype of vehicle from which detection occurs may interact with the
Ioeation of the devices emplaced in the detection environment to influence
the Jdetection rate.

{(4) The detection rate is also a function of the observer-to-device range for
devices of a given size.

{51 For devives ai the same observer-to-device range, the detection rate will be
directly related tc device size.

(6) The detection of the forward edge of a minefield is directly related te its
visibility, with more visible forward edges being detected at greater ranges
than less visible forward edges.

(7) The detection of the end of a minefield prior to exiting it is more difficult

than the detection of the forward edge of 2 minefield prior to entering it.

in the evaluation of a film simulator duning Task D, ihe correlations between film
wndd mine and boobytrap test proficiency, as well as between film and surface-laid
munitions test proficiency, were statistically significant {(r= .33 and .31. respectively)
aithough of low muagnitude. These results replicated a previous finding of researchers at
the Picatinny Arsenal, only to the extent that statisticaliy significant correlations were
found between filin and field detection performeance. The correlation reported by the
Picatinny study was higher than those found in the present research, outi statistical tests
showed tha! chere was no significant difference betwesn them. It was concluded that the
true value of the costelation between film and field detection performance was probably
between .31 and .60.

Further anxlysis of reliabilities from Course 1 of the Tusk B study indicated that
they were, in general, setisfactorily high. I attention had been focused on individual
device detection scores by indiwvidual subjects, an increassd number of observations would
have been necassary io achieve a sauisfactory level o: reliability in those scores. Thus,
where totel detsction scores are used as a criterion, the procedures used in the Task B
study were quite satisfactory. For studie; rocusing on detection by irndividual device,
micre observations would be needed and it might be desirable for all subjects to traverse
the same deteclion irnes.
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é ] - Appendix A
3 . TEST MATERIALS

E The identification of individual differences was explored ‘n the various IDENT.T
: studies through use of some or all of the tests described.

(1) IDENTIFY Information Form. This HumRRO forra was designed to collect
three types of information: (a) write-ins (name, Social Security account number, and
unit); (b} educaticnal completions {(number of years of civilian education completed and
; means by which a high school diploma was earned); (c) responses to two guestionnaires
V. ’ (the IDENTIFY Opinion Guestionnaire and the Activities Inventory - Part I).
b2, {2) IDENTIFY Opinion Questionnaire (Rokeach’s Dogmatism Scale). This is a
- 40-item scale designed to measure the extent to which an individual has a dogmatic
3 {closed)} belief system. It has been shown to have a test-retest reliability of .71 (5-6
months) and a split-half reliability of .78 (corrected). Scores on the scale are related to
3 the difficulty an individual has in solving a problem after esteblished belief systems are
overcome.! Examinees indicate how much they agree or disagree with each item using a
five-point Likert Scale. Their score is the average of their responsas.

(3) Activities Inventory - Part 1. This inventory consists of a list of 30 activities
frequently engaged in by young males during their school-age years. To complete the
inventory. an examinee indicates the frequency (never, few times, often, very often) he
has engaged in each activity. The average of these freguencies aver the 39 activities
provides an index >f the examines’s activities participation.

(4) Task Orientation Inventory. This 22-item scale is designed to measure the extent
E: to which an individual is concerned with completing an assignment, solving a problem,
working persistentiy, and doing the best possible job. The items were extracted from a
3 40-item scale’ on the basis of results of an item analysis of data collected during a pilot
adwrinistration of the larger inventory. The items retained were those which discriminated
most between high and low scores for the complete inventory. Examinces indicate how
much tney agree or disagree with each item, using a live-point Likert sczale. Their score is
the average of their responses.

15) AM Scale. This i< a 9-item scale designed to measure an individual’s generalized
= need to achieve when performing his work. Work in this context was taken to mean
those activities performed to earn a living. The items were based on a set developed to
study students’ achievement motivation in a school situation.? 'The student-oriented items
2 were rewritten to refiect a job or work orientaiion. Examinecs indicate how much each
item is true for them, using a five-point scale. Their score is the average of
ther responses.

{6) Hand Skills Test. This test was designed to measure an individual's motivation to
persist beyond minimum standards on a tiring task. It consists of sequentially numbered
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' Rokeach, M. The Opes and Closed Mind, Basic Books, new York, 1860,

2Ray, J.J. "Task Orientation and Interaction Orentation Scales,” Persornei Psycholoav, vol. 26,
1973, pp. 61-73.

3Myers, A.E. “Risk Taking and Academic Success and Their Relation to an Objective Measure of
Achievement Mntivation,’ Fducgtioncl and Psychological Measurement, vol 23, 1865, pp. 355-363.
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boxes in which examinees pencil five tally marks. It has a one-minute practice session and
th:iree subseauent parts of four minutes each. The test promotes hand and arm fatigue and
is presented to examinees as a measure of hand and finger dexterity. A “passing score™ is
announced prior to each of the four-minute parts (pretesting has established that this
score can be reached by all examinees in the time allowed).

The test is designed to discriminate between those who stop or slow down aiter
the passing score is reached and those who continue to strive, The score is the number
completed in Part Three minus the number completed in the practice session.

(7) Hidden Figures Test (Cf-1). This is a two-part test of an individual’s ability to
determine which of five achromatic simple figures can be located in achromatic complex
pattemns. Each part of the test has 16 complex pattern problems for the examinee to
solve. Examinees have 10 minutes to complete each part of the test. The score on the test
is the total number of simple figures lecated in the 20-minute testing period.

{8) Embedded Figures Test {ETS Group Version) This 12-item test is designed to
measure the facility with which an individual can locate simple tigures hidden in complex
patterns. The 12 items comprising the test were selected by Jackson, Messick, and Myers'
from the 24 items comprising the Witkin Embedded Figures Test.? The test is group-
administered and requires examinees to remember a previously shown figure when a
particular complex figure is being scanned. This is in contrast to the Hidden Figures Test
which keeps the simple figures on display at all times. In addition, 11 of the 12 complex
figures are colored. All simple figures are achromatic. The score for the test is the
number of correct identifications made in ten (10) minutes.

(9) Rod and Frame Test.? This is a performance test designed ‘o measure an
individual’s ability to adjust a lighted rod to an upright position without external visual
clues. The examinee’s task is to adjust the rod to the true vertical with his body upright
and the frame tilted at various angles off the verticul. Eight different combinatiors of
frame position, rod position, ansl rod tilt for each direciion of frame tilt constitute the
test trials for the examinees.

The examinees are brought into the test room with their eyes closed, and they
are seated. The experimenter sets the rod and frame positions for the examinees; then
they are told to cpen their eyes for the first trial. As necessary, the experimenter makes
adjustments in the rod’s position according to instructions from examinees. These
patterns—the examinces closing their eyes and the experimenter changing the rod and
frame positions~—continue until each examinee has completed eight trials. The score fer
the test is the sum of the deviations from the vertical.

{10) Visua! Acuity Test. This performance test requires the examinee to indicate the
direction (left, right, up, down) that upper case E's (subtending various visual angles) are
pointing on a standardized eye chart. E's appearing on *he same line subiend the same
visual angle. From the top to the bottom of the char ‘“he size of this visua! angle
decreases from 10 to 0.5 minutes of an arc. The examine. otands 20 feet from the chart,
which has standard illumination. To test monocular acuity, examinees keep both eyes
open while covering the eye not being tested with a piece of cardboard. For both
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! Jackson, D., Messick, S.. and Myers, C. “Evaluation of Group and Individual Forms of Embedded
Figures Measures ot Field Independence.” Fducationul and Psycholcgicc! Measurement, vol 24, 1964,
pp. 177-192.

*Witkin, H.A. “Individual Differences in E2se of Perception of Embedded Figures.' Journal of
Perscnality, vol. 13, 1950, pp. 1-15.

*Witkin, H.A. snd Asch, S.E. “Studics in Space Orientation. IV. Furtler Experiments on

Percepticn of the Upright With Displaced Visual Fieids,” Journal of Experimenial Psychology, vol. 38,
1948, pp. 762.782.
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monocular and binocular testing, the examinees read each line of the chart starting at the
top. The number of correct answers for each line is recorded by the examniner. In general,
the more rows an examinee reads correctly, the betiar his visual acuity. Acuity disparity
is then com:uted by taking the absolute difference of the measured acuity for each eye.

{11} Amay Color Perception Test. This standard pe:iformance test is designed to
screen for red-green colcr deficiency. It consists of one demonstration plate and 14 test
plates, each composed of colored dots which form a number embedded within a circular
backgruund. The dots compesing the number are a different color from those composing
the background, but the colors are such that an examinee with a red-green color
deficicncy cannot distinguish the number from the background accuvately. The score foy
this test is the number of t~st plates on which the number is correctiy identified.

(12) G™ Test Score. This is a score derived from the Army Classification Test
Battery Ve: 1 (VE) and Arithmetic (AR) test scores. This test score szrves the funciion
of Cetermining which soldiers are qualified to take addivional career importan! tests suci
as the Officer Candidate Test and the Flight Aptitude Sclecticn Test. It is generaily
accepted that this score is a measure of general aptitude or ability.
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